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January 30, 1957 


Series II, Vol. 2, No. 1 


BULLETIN 


OF THE 


AMERICAN PHYSICAL SOCIETY 


1957 Annual Meeting at New York, January 30-February 2, 1957 


HE 1957 Annual Meeting of the American 
Physical Society will be held in New York 
City, in halls of the Hotel New Yorker and of the 
adjacent Manhattan Center, on Wednesday, Thurs- 
day, Friday, and Saturday, January 30 and 31 and 
February 1 and 2. The American Association of 
Physics Teachers (hereinafter to be designated as 
AAPT) will join with us as heretofore in the Cere- 
monial Session and at the banquet, but we shall 
lack some of the glamor of last year’s joint conven- 
tion with the American Institute of Physics and the 
rest of the Founder Societies. From last year we 
continue the practice of lengthening our own meet- 
ing to four days instead of the former three, and 
this is so necessary a step that one wonders how we 
avoided it earlier. Ours is a somewhat larger pro- 
gramme than even last year’s, despite the fact that 
the extra attractions of the Institute’s programme 
are now wanting. Nevertheless the Secretary has 
just managed to squeeze the sessions, other than 
the Ceremonial Session, into the halls available in 
the Hotel New Yorker. This has the advantage of 
convenience nd the disadvantage that some of the 
sessions will almost certainly be overcrowded. Those 
who find the disadvantage outweighing the ad- 
vantage may take comfort from the thought that 
we shall very likely never again be able to confine 
our New York meetings within the walls of a single 
hotel. This year the scantiness of space has curtailed 
the list of invited papers far below what was hoped. 
The administration of this meeting is in the able 
hands of S. A. Korff, Chairman of the Local Com- 
mittee, and of the American Institute of Physics, 
to whom we owe our warmest thanks. 


Hotel. The official hotel is the New Yorker. All 
reservations are to be made by use of the form on 
page 77 of this Bulletin, reprinted from the Chicago 


Bulletin. 


The registration desk will be located on the 
mezzanine of the Hotel New Yorker. The registra- 


tion fee will be two dollars: these Annual Meetings 
are our most expensive, because of the need of 
renting so capacious a hall as the Manhattan Center 
for the Ceremonial Session and because of other 
expenses required when sessions are held in a hotel. 
Banquet tickets will be sold at the registration desk. 
Post-deadline papers, if any, will be announced on 
a blackboard near the registration desk; and there 
will be a blackboard for notice of messages and 
possible alterations in the programme. 


The banquet of the American Physical Society 
and of the AAPT will be held on Friday evening 
in the Terrace Room of the Hotel New Yorker. The 
after-dinner speakers will be M. J. Kelly and R. R. 
Wilson, and the 1957 Oliver E. Buckley Solid-State 
Physics Prize will be awarded to Charles Kittel. 
Since this banquet is held on the third evening of 
the meeting, we are not requesting advance reserva- 
tions. Please buy your tickets early at the registra- 
tion desk: the price will be $5.50. 


The joint ceremonial session of the two Societies 
will be held in Manhattan Center on Friday after- 
noon, beginning at two o'clock. Our retiring Presi- 
dent, E. P. Wigner, will deliver his address entitled 
“Relativistic Concepts and Quantum Phenomena.” 
The Oersted Medal of AAPT will be conferred on 
Mark Zemansky, who will respond with a speech 
named ‘Fashions in Thermodynamics.” The fif- 
teenth Richtmyer Memorial Lecture, entitled 
““Antinucleons”’ will be given by Emilio Segré. 


The Oliver E. Buckley Solid-State Physics Prize 
for 1957 will be awarded at the banquet to Charles 
Kittel, who will deliver, under the title ‘Role of 
Magnetic-Resonance Studies in the Physics of 
Solids,”’ the Oliver E. Buckley Lecture in the Grand 
Ballroom at 11:45 A.M. on Friday. 


Invited papers on the general programme are 
by E. Ambler, L. Apker, H. A. Bethe, B. Bleaney, 
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L. M. Bollinger, G. Borelius, L. Cranberg, W. A. 
Fowler, J. B. French, C. D. Jeffries, A. K. Mann, 
N. Kurti, Henry Margenau, Leona Marshall, W. A. 
Nierenberg, R. Novick, F. M. Pitkin, Frederick 
Reines, L. D. Roberts, Bruno Rossi, Igal Talmi and 
G. K. Wertheim. 


Our Division of Electron Physics has arranged a 
group of invited papers by W. P. Allis, N. Bloem- 
bergen, and E. S. Rittner, to be held on Friday 
morning; its Business Meeting will be a part of 


this session. 


Our Division of Solid-State Physics has arranged 
a Symposium on the topic “Imperfections Produced 
by Crystal Growth.’ It will be held on Friday 
afternoon, and the speakers will be B. L. Averbach, 
W. C. Dash, P. H. Egli!’ W. G. Pfann, and W. 
A. Tiller. 


Our Division of Fluid Dynamics has arranged a 
Symposium on the topic “Boundary Layer Flow.” 
It will be held on Thursday morning, and the 
speakers are to be J. C. Evvard, C. C. Lin, F. R. 
Riddell, and G. B. Schubauer. The Business Meet- 
ing of the Division will be a part of this session. 


The American Institute of Physics will conduct 
a Placement Service Register on the 5th and 6th 
floors of the Hotel New Yorker, January 30 
February 2. This year, for the first time, the 
Register will be open until 9 Pp.m., Wednesday, 
Thursday, and Friday evenings. 

There will be a display of scientific instruments, 
laboratory apparatus, teaching aids, and technical 
books, and all exhibits will be located on the 
mezzanine of the Hotel New Yorker immediately 
adjacent to the registration area. The exhibit will 
be open from 9 a.m. to 6 P.M. on Wednesday, 
Thursday, and Friday, January 30-February Ist. 
All are cordially invited to visit. 


Three hundred and seventy-six contributed 


papers are distributed among thirty-four sessions. 
In this task of classification (in the old sense of the 
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word) invaluable aid has been given to the Secretary 
by the Deputy Secretary and by P. Kusch, L. M. 
Lederman, Robert Serber, and C. S. Wu. 


The Business Meeting of the Society will be held 
at 4:45 p.m. on Wednesday in the Grand Ballroom, 


The Council of the American Physical Society 
will meet on Tuesday (January 29) at 10:30 A.M. in 
the building of the American Institute of Physics 
at 57 East 55th Street, New York 22, New York, 
unless contrary notice is sent to its members. 


Post-deadline ten-minute papers pertaining to 
very recent achievements of very special impor- 
tance will be considered for admission to a special 
supplementary programme if the abstracts are re- 
ceived at the office of the Society not later than 
Friday, January 25. The titles of such as are ac 
cepted will be announced on a blackboard near the 
registration desk, and the papers will be given under 
the usual ten-minute rule at the end of Session Z. 
The abstracts will not be published. Those who 
submit post-deadline papers will not be able to find 
out whether their papers are admitted until they 
see the blackboard. 


Preliminary announcement of the Philadelphia 
meeting appears on page 79 of this Bulletin, and the 
calendar of meetings for the remainder of 1957 on 
page 79 with instructions for the preparation of 


abstracts. 


Errata pertaining to the content of this issue will 
be published in a subsequent issue of this Bulletin 
if received not later than Monday, February 4, by 
Miss Ruth Bryans, American Institute of Physics, 
57 East 55th Street, New York 22, New York. Do 
not send in your abstract marked with corrections! 
Write out your corrections in the form “Instead 


of ... read... .”” Add nothing. 


KARL K. DAkRow, Secretary 
American Physical Society 
Columbia University 

New York 27, New York 











EPITOME OF THE 1957 ANNUAL MEETING 


(Personal names are those of invited speakers.) 


WEDNESDAY MORNING 
A. Bollinger, Cranberg, Reines, Mann. Grand. 


B, Muons, pions, “strange particles.”” Terrace. 
BA. Magnetism, I. Panel. 
ci Accelerators. North. 


CA. ‘Theoretical physics, I: quantum and relativity theory. Empire. 
D. Special topics of nuclear physics. Boston-Washington. 


WEDNESDAY AFTERNOON 


E. Neutron physics and general nuclear physics. Boston-Washington. 
EA. General solid-state physics; Apker. Grand. 

F, “Strange particles.” Terrace. 

FA. Magnetism, II; ferroelectricity. Panel. (1:45 p.m.) 

G Radioactive nuclei, Empire. 


GA. ‘Theoretical physics, I]: nuclear theory. North. 
WEDNESDAY AFTERNOON AT 4:45 
Business Meeting of American Physical Society. Grand. 


THURSDAY MORNING 


H. Division of Fluid Dynamics: boundary layer flow: Lin, Schubauer, Evvard, Riddell. North. 
HA. Bethe, Talmi, French. Grand. 

J. Nuclear reactions and nuclear-energy levels, I. Panel. 

JA. Magnetic resonance, I. Terrace. 

K. Medium-energy scattering and neutron physics. Boston-Washington. 


KA. General physics. Empire. 
THURSDAY AFTERNOON 
L. Joint ceremonial session of APS and AAPT: Bethe, Zemansky, Segré. Manhattan Center. 


FRIDAY MORNING 


M. Magnetic resonance, I1; positronium. Terrace. 
MA. ‘Theoretical physics, III; “strange particles,” other topics. Panel. 
N Division of Electron Physics: Ritner, Bloembergen, Allis. Grand. 


N4. Buckley lecture: Kittel. Grand (11:45 a.m.) 

NA: Low-energy neutron physics. Boston-Washington, 
P. Molecules. Empire. 

PA. Fluid dynamics, I. North. 


Fripay AFTERNOON 





Q. Fluid dynamics, If. North. 
QA. Division of Solid-State Physics: imperfections produced by crystal growth: Tiller, Pfann, Dash, Egli, Averbach. Terrace. 


R. Theoretical physics, 1V: statistical mechanics, collective motions. Boston-Washington. 
RA. Nuclear reactions and nuclear-energy levels, I]. Panel. 
S. Cosmic rays; Rossi, Grand. 


SA. Optical and x-ray spectra. Empire. 
FRIDAY EVENING 
Banquet of APS and AAPT: Kelly, Wilson. Terrace. 


SATURDAY MORNING 


T. Semiconductors, |; Wertheim. Terrace. 
TA. Metals; Borelius. Mosaic. 
U. Nuclear reactions and nuclear-energy levels, III. Panel. 


UA. Theoretical physics, V: high-energy scattering. Boston-Washington. 
V. Cryogenics. North. 
VA. Nuclear alignment: Kurti, Pipkin, Ambler, Roberts. Grand, 


SATURDAY AFTERNOON 


W. Nuclear spins and moments: Nierenberg, Jeffries, Novick, Bleaney. Grand. 
WA. Semiconductors, II. Terrace. 

X. Margenau; electron physics. Mosaic. 

XA. Nuclear reactions and nuclear-energy levels, 1V. Panel. 

Y. Theoretical physics, VI: low-energy scattering. Boston-Washington. 

Z. Fowler, Marshall; post-deadline papers, if any. North. 
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PROGRAMME ' 


WEDNESDAY MorNING AT 10:00 


Grand Ballroom 


(W. W. Havens, JR., presiding) 


Invited Papers in Nuclear Physics 


Al. Problems and Progress in Measuring Cross Sections of Fissile Nuclei. L. BoLLinGer, Argonne 


National Laboratory. (30 min.) 


A2. Fast Neutron Spectrometry by Time-of-Flight. L. CkannerG, Los Alamos Scientific Laboratory. 


(30 min.) 


A3. Neutrino Physics. F. Reines, Los Alamos Scientific Laboratory. (40 min.) 
A4. Recent Work on Rayleigh and Delbrueck Scattering. A. K. MANN, University of Pennsylvania. 


(30 min.) 


WEDNESDAY MORNING AT 10:00 


Terrace Room 


(L. M. LEDERMAN presiding) 


Muons, Pions, “Strange Particles” 


B1. A Gas Cerenkov Counter for Detection of Fast Cosmic- 
Ray Particles. R. J. HANSON* AND D. C. Moore,t University 
of Nebraska.——Measurements of performance have been made 
on a gas Cerenkov counter! with CO, at a pressure of 13.1 
atmos as the dielectric radiator. The corresponding index of 
refraction is 1.00569. The efficiency for counting sea-level 
cosmic-ray « mesons was determined with the aid of a scintilla- 
tion and Geiger counter telescope containing adjustable 
amounts of steel absorber. Particles which passed through the 
telescope also passed through the radiating gas. Simultaneous 
measurements were made of the number of particles producing 
counts in the telescope counters and of the number producing 
a Cerenkov count in addition to the telescope counts. 4 mesons 
with velocities greater than that of light in the gas were 
counted with an efficiency of (8642) %. Tests indicated that 
the efficiency for counting ~ mesons with velocities less than 


that of light in the gas was less than 3%. 


* Now at Grinnell College. 

t Now at Schlumberger Well Surveying Corporation, Ridgefield, Con- 
necticut. 

1D. C. Moore and R. J. Hanson, Phys. Rev. 100, 972(A) (1955). 


B2. Momentum Spectrum of Positrons from the Decay of 
ut Mesons.* L. Rosenson, The University of Chicago.—The 
momentum spectrum of positrons from yt decay has been 
examined. The detecting instrument was a 20-atmos hydrogen- 
filled diffusion cloud chamber, operated in a magnetic field of 
7000 gauss. The data has been compared with the spin 4 y- 
meson theory of Michel,' as modified by Behrends, Finkel- 
stein, and Sirlin* to include first-order radiative effects, and 
with the spin § theory of Behrends and Fronsdal.* Statistical 
analysis of the 1300 acceptable events yields the shape param- 
eters pMichei =0.68+0.05 and py =0.264-0.04. The theoretical 
spectra described by shape parameters in the vicinity of the 
best fits are very similar, and this experiment cannot dis- 
criminate between the two spin assignments for the u* meson. 
The result for pmicne: has been used, along with f-decay data, 


to place restrictions on the form of the “Universal Fermi 
Interaction.” 

* Research supported by a joint program of the Office of Naval Research 
and the U.S. Atomic Energy Commission 

'L. Michel, Proce. Roy. Soc, (London) 63A, 514 (1950) 

? Behrends, Finkelstein, and Sirlin, Phys. Rev, 101, 866 (1956) 

*R. FE. Behrends and C. Fronsdal, ‘Fermi decay of higher «pin particles,”’ 
The author is indebted to Drs. Behrends and Fronsdal for a copy of their 
paper prior to its publication. 


B3. Neutron Production by Fast w Mesons in Lead.* B. F. 
STeARNS,t R. D. Sarp, D. R. Jones,f anp J. K. DEPAGTER, 
Washington University.-The mean cross section-neutron 
multiplicity product ((om)) for sea-level «4 mesons (pc > 1 Bev) 
traversing Pb has been measured, a thermalized neutron being 
detected in delayed coincidence with a penetrating particle.’ 
A magnet cloud chamber above the producer and a hodoscope- 
absorber array below it serve to identify u-meson interactions, 
(am) = (2248) 10° cm?/nucleon. Theoretical calculations, 
using the photoneutron yields of Jones and Terwilliger,’ give 
(om) =15%10°" cm*/nucleon for the yield resulting from 
knock-on showers and (om)=9 10°" cm?*/nucleon for the 
direct yield from equivalent photons of the yw-meson field. 
This theory also agrees with the results of underground meas- 
urements at higher average momenta.’ There is no evidence 
of scattering in excess of Coulomb scattering. Protons which 
suffer nuclear interactions produce > 50 neutrons but seldom 
produce penetrating secondaries, in agreement with the results 
of Mylroi and Wilson.* 

* Assisted by the joint program of the Office of Naval Research and the 
U.S. Atomic Energy Commission. 

t Now at University of Arkansas, 

} Now at University of Cincinnati. 

iH, C, Wilkins, Ph.D. thesis, Washington University (1952); Annis, 
Wilkins, and Miller, Phys. Rev, 94, 103% (1954) 

21. W. Jones and K. M, Terwilliger, Phys, Rev. 91, 699 (1955) 

1M. G. Mylroi and J. G. Wilson, Proc, Phys. Soc. (London) A64, 404 
(1951), 


B4. Nuclear Absorption of Pi Mesons from Atomic S 
States.* Ronert KarrLus AND FRANCIS HALPERN, University 
of California, Berkeley.t-—The Galilei invariant nonrelativistic 
limit of the pseudoscalar meson theory contains a term that 











6 SESSION B 


describes the interaction of S-wave mesons with nucleons.’ It is 
the fundamental interaction for the nuclear absorption of 
bound S-state pions. The absorption rate is proportional to the 
mesonic coupling constant, to the atomic wave function of the 
pion, and, in the impulse approximation, to the probability 
of finding a proton in the original nucleus in a nucleon pair 
with a relative energy of 140 Mev. The ratio of this probability 
in a larger nucleus (atomic number Z~5-8) to its value for 
the deuteron is found to be about 7Z.* If the momentum dis- 
tribution in a nucleus is to be described by a gaussian, then 
the “‘1/e energy” is about 25 Mev. The mesonic level shift 
contribution associated with the absorption® can be estimated 
with this momentum distribution and is found to be about 
one-quarter of the level shift arising from the elastic s-wave 
interaction.4 

* Supported in part by a grant from the National Science Foundation. 

, } Pe a —— in this experimental session at the authors’ request. 

enley and M, Ruderman, Phys. Rev. 90, 719 (1953). 
7K. A. Brueckner, Phys. Rev, 98, 769 (1955). 


5M, Stearns and M. B. Stearns, Phys. Rev, 103, 1534 (1956). 
* Deser, Goldberger, Baumann, and Thirring, Phys, Rev. 96, 774 (1954) 


BS. Energy Spectrum of x* Meson Production by Cosmic 
Radiation on Emulsion Nuclei. H. YaGona, National Institutes 
of Health.—An analysis of 956 » mesons ejected from stars and 
terminating their range in G5 emulsions exposed in the strato- 
sphere provides a measure of the differential pion energy pro- 
duction spectrum over an interval of 1 to 45 Mev. After 
applying geometric escape corrections for mesons escaping 
through the faces and edges of the 1500-micron-thick pellicles, 
the absolute meson production rate is observed to increase 
from 0.0025 w* particles star™' Mev™ at 1 Mev to a maximum 
of 0.01040,002 particles star“! Mev! at about 20 Mev. This 
low-energy spectrum fits well with the Bristol’ data in the 
region of 30 to 1000 Mev as evaluated from grain density- 
scattering measurements on shower particles. A similar 
analysis based on 78 ejected mesons recorded in emulsions 
exposed on Mt. Evans (4300 meters) indicates that the 
differential energy spectrum has the same form as in the 
stratosphere for pion kinetic energies <20 Mev. The chief 
difference between the two spectra resides in the magnitude 
of the integral x~/r* ratio which is 5.24+0.4 at 30 km and 
13.7+5.6 at mountain elevations. 


! Camerini, Lock, — y rertis, Progress in Cosmic_Ray Physics (Amster 
dam, 1952), Vol. 1, p. 


Bo. Angular Distribution of Positive Photo-Pions from 
Hydrogen. Ricuarp D. MILLER AND RAPHAEL LITTAUER,* 
General Electric Laboratory.—Bremsstrahlung from the 
General Electric 300-Mev nonferromagnetic electron synchro- 
tron was incident in a styrofoam liquid hydrogen target. 
Emerging positive pions were analyzed by a double focusing 
magnet and detected in a counter telescope. At angles in the 
forward hemisphere, a short x-ray beam pulse (0.6 micro- 
second) and delayed counting of electrons from p*t->p* decay 
were used to discriminate against electrons of electromaguetic 
origin. At backward angles and in the overlap region (to 45° 
center of mass) direct counting of pions was possible. At each 
angle the magnet current was adjusted to select the pion energy 
corresponding to a mean gamma-ray energy of 215 Mev. 
Measurements were made at eleven angles from 0° to 165° in 
the center-of-mass system with counting errors of about 3%. 
These measurements will be described and the relative cross 
section values presented. 


* Now at C >rnell University. 


B7. Photoproduction of Neutral Mesons from Carbon near 
Threshold.* J. E. Leiss, National Bureau of Standards.— 
Neutral mesons photoproduced in carbon have been detected 
by counting the two decay gamma rays in coincidence. The 
gamma-ray counters were placed 90° to the x-ray beam, each 
telescope subtending about 0.6 steradian at the carbon target. 


The mean correlation angle between the two gamma-ray 
counters was 150°. The efficiency of 2 detection was cal- 
culated using the NBS digital computer and Monte Carlo 
techniques. The number of #°s detected was measured as a 
function of the peak bremsstrahlung energy from the energetic 
threshold to about 170 Mev. The experimental results can be 
explained by assuming that all nucleons in the C™ nucleus 
produce p-wave mesons elastically (i.e., the carbon nucleus 
recoils as a whole in its ground state) according to the theory 
of Chew! and that the production form factor is that of a 
nucleus whose size and nucleon density distribution is given 
by electron scattering experiments.? The results are sensitive 
to the assumed size of the nucleus. 
* 4 gm in part by the U. S. Atomic Energy Commission 


G. F. Chew, Phys. Rev. 95, 1669 (1954). 
my td H. Fregeau, Phys. Rev. 104, 225 (1956) 


B8. Lifetime of the Neutral Pion.* J. Orrar, G. Harris, 
AND S. Tayior, Columbia University.—A new upper limit on 
the w® lifetime has been obtained by using 12 Ky2* endings in 
nuclear emulsion where the #® decays by a direct pair, 2° 
—>(e++e )+~¥. The distance traveled by the r® before decay 
was measured from the intersection of the K* and w* tracks 
to the #-pair intersection. The r° is emitted in the direction 
opposite to the observed w* track with a velocity 6 =0.835. 
Preliminary measurements give a value +0.02+40.16 micron 
for the mean decay distance. The standard deviation of the 
measurement for each event was ~0.5 micron as determined 
by measurements on r* The r°® lifetime cor- 
responding to one standard above the 
3.9107" sec. The likelihood function is down by a factor of 
30 for a w® lifetime of 1*10~'® sec and is rapidly decreasing 
for longer lifetimes. Thus the 7° lifetime is most likely less 
than 1X10~'* sec. We are grateful to the nuclear emulsion 
groups at Rochester, Berkeley, and MIT for supplying us with 
6 of the events used. 


Se ondar 1€s 


deviation mean is 


* Work supported by the joint program of the Office of Naval Research 
and the U. S. Atomic Energy Commission and by a National Science 
Foundation research grant. 


B9. Elastic Scattering of x= Mesons by Nuclei.* Winstow 
F. BAKER AND JAMES RAINWATER, Columbia University, AND 
Ross E. Witiiams, Paul Rosenberg Associales.—A new 
x” meson detector has been developed for use in our measure 
ments of the elastic scattering of #~ mesons by nuclei. It gives 
greatly improved discrimination against low energy-loss 
inelastic events. A ‘‘transmission”’ scatterer orientation is used 
to maintain energy resolution, so only less than 120° scattering 
is studied. The new results for aluminum and copper agree 
with the previously reported! ? results at small angles but are 
approximately 2 to 10 times smaller at larger angles, with 
indications of diffraction structure. Including the incident- 
beam energy spread, the detector sensitivity is down by factors 
of 3 and 9 for E+4.5 Mev and E+9 Mev when peaked for 
mean energy E. This is favorable for separating the scattering 
from carbon into elastic and inelastic components for excita- 
tion of the 4.43- and the (7.65 and 9.61)-Mev levels. This has 
been studied. The elastic scattering is <4 mb/steradian for 
angles greater than 65°. Detailed results will be presented. 

* Supported by the joint program of the Office of Naval Research and 
the U.S. Atomic Energy Commission 

100, 1419 


1 Pevsner, Rainwater, Williams, and Lindenbaum, Phys. Rev. 


(1955). 
2 Williams, Baker, and Rainwater (NEVIS #24), Phys. Rev. 
(1956). 


104, 1695 


B10. Bubble Density in a Propane Bubble Chamber.* 
WILLIAM WILLIst AND Earte C. Fow.er, Yale University, 
AND Davip C. Raum, Brookhaven National Laboratory. 
Measurement of the number of bubbles per centimeter ob- 
served in a propane bubble chamber as a function of particle 
velocity, at various temperatures, has been reported.' These 
measurements do not give the number of bubbles originally 
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formed, which may be twice the direct count, because of 
effects of bubble coalescence and finite optical resolution. 
These measurements should therefore be considered as an 
empirical calibration for a particular chamber. The same 
pictures have been analyzed by a technique which is insensi- 
tive to these effects. The bubble coordinates are measured 
and the distribution of bubble spacings formed. If the bubbles 
are distributed randomly, this distribution should show an 
exponential decrease with spacing; actually, a cutoff at small 
spacings is seen. The distribution at large spacings gives a 
good estimate of the number of bubbles originally formed. The 
bubble density determined in this way, as a function of tem- 
perature and particle velocity, will be presented and the im- 
plications concerning the bubble formation mechanism dis- 
cussed. 

* Work performed under the auspices of the U.S. Atomic Energy Com 
mission, 


t National Science Foundation Predoctoral Fellow. 
' Glaser, Rahm, and Dodd, Phys. Rev. 102, 1653 (1956). 


B11. Piston Operated Liquid ‘Hydrogen Bubble Chamber.* 
R. K. Apark AnD L. B. Leipuner, Brookhaven National 
Laboratory.—A liquid hydrogen bubble chamber 6 in. long, 
3 in. wide, and 2 in. deep has been successfully operated for 
about nine months. The chamber body, fabricated of electro- 
lytic copper, is connected to a reservoir of liquid hydrogen 
through heavy copper heat leaks to insure close thermal 
coupling between reservoir and chamber. A manostat, which 
controls the vapor pressure over the reservoir, determines and 
holds constant the temperature of the chamber. Expansion and 
recompression of the chamber is effected by motion of a piston 
which works directly on the liquid hydrogen. Good bubble 
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formation occurs with an expansion ratio of about 1.8% in 
volume. Since no extraneous heat is introduced to control the 
temperature, and since the expansion-compression cycle is 
thermodynamically efficient, the chamber used only about 1 
liter of liquid hydrogen per hour, when running at a 3.5-sex 
repetition rate. A stereo camera takes two pictures at an in- 
cluded angle of 20°, using dark-field photography. 


* Research carried out under the auspices of the U. S. Atomic Energy 
Commission. 


B12. Strange Particle Production by x” Mesons in a Hydro- 
gen Bubble Chamber.* L. B. Leiruner anv R. K. Apair, 
Brookhaven National Laboratory, ann W. F. Hornyak, 
University of Maryland.—The bubble chamber described 
elsewhere! was placed in a 950-Mev «> beam from the Brook- 
haven Cosmotron in order to study the reactions #”~ +p 
—>Ao +o and mw” +p--2+K. A primary purpose of the ex- 
periment is to determine information relating to the spins of 
the Ao and & hyperons by the analysis of the angular distribu- 
tion of the decay products? and the correlations between 
planes of production and decay planes* near threshold, The 


first 7000 pictures, which were scanned in about 70 hr, con- 


tained 13 production events. Although the #~-meson incident 
energy is about 200 Mev above the Ao 00 threshold and only 
about 80 Mey above the 2 —K threshold, seven of the thirteen 
events were examples of 2—K production and but six were 
Ao 0 events. 


* Research carried out under the auspices of the U. S. Atomic Energy 
(Commission, 

'R. K. Adair and L, B, Leipuner, Bull}Am,. Phys. Soc, Series 11, 2, 7 
1957). 

*K. K. Adair, Phys. Rev. 100, 1540 (1955). 

'S. B. Treiman and H, W. Wyld, Jr., Phys. Rev. 100, 819 (1955), 
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(R. M. Bozortu presiding) 


Magnetism, I 


BAI. Mechanical and Thermal Limitations tothe Production 
of High Magnetic Fields. H. P?. Furtu,* University of Cali- 
fornia, Livermore, M. A. Levine, Cambridge Air Force Research 
Center, AND R. W. WanteK, Harvard University.—The prin- 
ciple of generating high transient magnetic fields in massive 
single-layer coils' relies on, and is limited by, the equivalence of 
magnetic pressures up to a megagauss to the mechanical 
strengths of metals which range up to 5.10° psi. The heat 
density produced in single-layer coils (of optimum geometry) 
is likewise an intrinsic property of the magnetic pulse, and 
field strengths requisite to effect melting and deformation are 
found comparable under these conditions. Analysis of simul- 
taneous electromagnetic and thermal diffusion leads to the 
possibility of local thermal instabilities. Experimental ob- 
servations of such instabilities (‘‘magnetic saw effect'’), as 
well as of mechanical instabilities in metals molten by mag- 
netic fields up to 1.6 megagauss, will be shown.? The practicality 
of force-free and partially force-free geometries for multiple 
layer coils, as means of attaining much higher magnetic fields, 
will be discussed. 


* One of the authors (H.P.F.) was partially supported by the U. S 


Atomic Energy Commission 
1H. P. Furth and R. W. Waniek, Rev. Sci. Instr. 27, 195 (1956). 
? Levine, Furth, and Waniek, Bull. Am. Phys. Soc. 4, 191 (1956). 


BA2. Improved Inductance Method for Measuring Sus- 
ceptibilities of Small Paramagnetic Specimens at Low 
Temperatures. W. P. WoLr* anp F. R. McKim, Clarendon 
Laboratory, Oxford (introduced by C. L. Hogan).—An 
apparatus will be described with which the susceptibilities 


of small paramagnetic specimens can be determined at tem- 
peratures between 77 and 1.8°K. The measurements are made 
in terms of the change of mutual inductance produced by 
moving a specimen inside a coil system, using a Hartshorn 
bridge operating at 175 cps to measure the inductance. The 
chief advantage of this type of apparatus is its simplicity of 
operation, since it involves no delicate moving parts. The 
sensitivity and reproducibility of the appratus have been in- 
vestigated using a specimen of manganous ammonium sulfate, 
and it was found that susceptibilities of the order of 3K 10°¢ 
could be measured to an accuracy of 1%. Some typical results 
will be presented and sources of error discussed, 


* Now at Harvard University. 


BA3. Magnetic Susceptibility of Cu— Ni and Ag— Pd from 
2.4°K to 295°K. k. W. PuGu, Carnegie Institute of Technology 
(introduced by J. E. Goldman).—The magnetic suscepti- 
bilities of Cu—Ni and Ag — Pd alloys in the Cu and Ag rich 
ranges have been measured between 2.4°K and 295°K by the 
Gouy method. The room temperature susceptibilities of the 
Ag—Pd alloys exhibit little change with varying Pd content 
as has been previously observed.' The present measurements 
further indicate that this susceptibility is almost temperature 
independent up to 10% Vd in Ag. In contrast to these results, 
small additions of Ni to Cu give a large paramagnetic con- 
tribution at room temperature. While the temperature de- 
pendence of the Cu —Ni alloys is considerably smaller than 
previously reported,” it is quite large compared to that of 
Ag —Pd; and for Ni concentrations greater than 2% a Curie- 
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Weiss term dominates the total susceptibility at low tempera- 
tures. These measurements will be discussed in light of exist- 
ing localized state and band models. 


1B, repens, Ann, Physik 14, 699 (1932). 
5A. KR. Kaufmann and C. Starr, Phys. Rev. 63, 445 (1943). 


BA4. Theory of the Magnetic Susceptibility of Oxygen in a 
Clathrate Compound. J. H. VAN VLECK AND Mary O'BRIEN, 
Radcliffe College.—The oxygen molecules dissolved in a 
clathrate compound of #-quinol are trapped in rather large 
holes, separated from each other by about 8A. Hence the 
susceptibility should be similar in the main to that calculated 
for free oxygen molecules. Cooke and collaborators! find, how- 
ever, that their measured values do not agree at helium tem- 
peratures with those computed on this basis. In particular, 
O"'}O"" and O'"0"* have equal susceptibilities even in this 
region, whereas theoretically there should be a perceptible 
difference because of different statistics in the distribution of 
rotational states. In the present paper it is shown that the 
experimental results can be fitted, including the similar be- 
havior of O''0"'* and O'"0"5, if it is assumed that the oxygen 
molecules in the clathrate compound are exposed to an axially 
symmetric potential A(1—cos20) with a “turning-over” 
potential 2A =50cm™. 


»oke, Meyer, Wolf, Evans, and Richards, Proc. Roy. Soc. (London) 
azas. 112 (1954), 


BAS. Exchange and Superexchange Coupling between 
Conduction Electrons and d Electrons in Magnetic Materials.* 
G. W. Pratt, Jr., Lincoln Laboratory.— An analysis has been 
made of the magnetization of the conduction electrons in a 
ferromagnetic material induced by their exchange interaction 
with the d electrons. The problem is set up using the density 
matrix and treated for T<T¢ and 7’~T¢. Results for Fe have 
been calculated using the nearly free electron and cellular 
methods. The effect of correlation is taken into account by the 
Bohm and Pines technique. A magnetization of about 0.15 po 
per atom is found. An antiferromagnetic coupling is found to 
be possible between magnetic ions in dilute magnetic alloys 
such has been found experimentally in Cu~Mn.! The mech- 
anism is a superexchange coupling of the magnetic ions through 
the conduction electrons. A molecular field theory has been 
worked out for this case on the basis of an antiferromagnetic 
coupling between the magnetic ions and a ferromagnetic 
coupling between the conduction electrons and the magnetic 
ions. 

* The research reported in this document was supported jointly by the 
U. 8. Army, Navy, and Air Force under contract with the Massachusetts 


Institute among 
1 Owen, Browne, ight, and Kittel, Phys. Rev. 102, 1501 (1956), 


BA6. On the Width of Domain Walls in Small Multidomain 
Particies.* Henri AMAR, Franklin Institute.-—In the evalua- 
tion of the width of domain walls in ferromagnetic materials, 
the only energies ordinarily taken into account’? are the 
exchange and anisotropy energies. The magnetostatic energy 
is generally considered as negligible on the assumption that 
the area of the walls and the size of the domain are much larger 
than the width of the wall. This assumption is no longer correct 
for thin films and very small particles, as has been pointed out 
by Néel.** A two-domain particle in the form of a parallelo- 
piped is here considered, and the magnetostatic energy is in- 
cluded in the energy density. Using an approximation similar 
to that of Néel, an expression for the total energy per unit 
area of wall is found and minimized. It yields widths sub- 
stantially smaller and energies higher than the corresponding 
values in bulk material. 

* This work was supported by The Franklin Institute Laboratories for 


Research and Development. 
+ » aan eve. odern reve, by S 50). 


Dae radium "7, 7 11958). 


+L, Néel, pt. rend, 241, $33 (1955). 


BA7. Phenomenological Theory of the Magnetization 
Field.* T. L. Gitpert,t Armour Research Foundation.—The 
instantaneous effective field, @(r), acting on the magnetiza- 
tion field, M(r), of an isolated spin system can be shown to be 
the negative functional derivative, ®@(r) = —éU/sM(r), of 
the domain energy, U[M)].' The effect of coupling to surround- 
ing fields (the strain field of the lattice, the densities of dif- 
fusing particles at nonequivalent sites, etc.) can be taken into 
account by replacing the domain energy with a generalized free 
energy functional of the magnetization fields and the coupled 
fields. If the coupled fields approach their equilibrium values 
exponentially, the damping of the magnetization field in the al- 
most adiabatic limit can be characterized by a dyadic function 
in the most general case, or a single constant in the special case 
of local isotropic coupling. The motion of the magnetization 
field can then be described without reference to the motion of 
the coupled fields. This phenomenological theory leads to a 
rigorous integral of the motion which is useful for deriving the 
general equation of motion for a domain wall, including in- 
ertial, damping, and strain effects. 

* Supported in part by the Department of Defense 


t Present address: Argonne National Laboratory 
1T, L, Gilbert, Phys. Rev. 100, 1243(A) (1955 


BA8. Thin Ferromagnetic Films with Body-Centered and 
Face-Centered Structures.* Solomon J. GLASS AND MARTIN 
J. Kuei, Case Institute of Technology.—Klein and Smith! 
applied spin wave theory to thin ferromagnetic films with 
simple cubic structure. They obtained an expression for the 
total magnetic moment as a function of the temperature and 
thickness. In this paper the theory is extended to the body- 
centered and face-centered lattices. Curves are plotted showing 
the dependence of magnetic moment on reduced temperature 
and thickness for films with body- and face-centered structures. 


* Work supported partly by the ONR 
1M. J. Klein and R.S. Smith, Phys. Rev. 81, 


378 (1951 

BA9. Criterion for Ferromagnetism from Observations of 
Magnetic Isotherms.* A. Arrorr, Ford Motor Company and 
Carnegie Institute of Technology (introduced by J. E. Goldman). 

A sufficient condition for ferromagnetism is the appearance 
of hysteresis in a magnetization vs field measurement with the 
observance of a remanence and a coercive field. However, if 
with increasing temperature the anisotropy goes to zero before 
the Curie temperature is reached, the hysteresis should dis- 
appear while the material should still be classified as ferro- 
magnetic. Hysteresis is clearly not a necessary condition for 
ferromagnetism. A necessary condition is that a finite mag- 
netization be observed in zero internal field. To find the Curie 
point, then, it is necessary to make measurements in smaller 
and smaller fields as the Curie point is approached.' In general, 
experimenters have not carried out magnetization measure- 
ments in such low fields,? and in view of the large amount of 
data in the literature at high fields it would be of value to have 
acriterion based on the higher field data. The method of Weiss 
and Forrer of using lines of constant magnetization on a plot 
of field vs temperature involves a large number of isotherms. 
A criterion is proposed which can be applied to a single iso- 
therm. The criterion is based on the statement that at the 
Curie point the third power of the magnetization must be 
proportional to the internal field. The argument will be given 
for a specific model and then generalized to show that it is 
independent of the model. 

* Supported by U. S. Signal Corps. 

1D, O. Smith, Phys. Rev. 102, 959 (1956). 


? Weiss and Forrer, Ann. phys. 5, 153 (1926). Kaufman, Pan, and Clark, 
Revs. Modern Phys. 17, 87 (1945). 


BA10. Coercive Force of Some Iron Oxide Powders at Low 
Temperatures. A. H. Morrisu, L. A. K. Watt, ANb S. P. Yu, 
University of Minnesota.—The coercive force of some mag- 
netite and gamma ferric oxide micropowders has been meas- 











SESSIONS BA AND C 9 


ured in the temperature range from 77° to 300°K. The mean 
particle size of four magnetite powders was 1.5 uw for the finest 
powder and 50 yw for the coarsest. All of the particles were 
multidomained. The coercive force of these powders had a 
minimum at 132+2°K, about the temperature at which the 
first anisotropy constant K, becomes zero. The Bloch wall 
thickness, which depends inversely on /K,, will reach a 
maximum at K,=0 and will thus give rise to a minimum in 
the coercive force. Further, the coercive force changed rapidly 
in the region of the phase transition (113 --118°K), increasing 
by a factor of 2 to 4 as the temperature decreased. In addition, 
an unusual memory effect was observed. If a sample was put 
into some state of magnetization below the transition point, 
warmed to room temperature, and then recooled, the measured 
value of the coercive force depended on this original state. 
For a gamma ferric oxide powder, containing multidomain 
particles, the coercive force decreased almost linearly as the 
temperature increased. This work is now being extended 
to single-domain particle powders 


BAI11. Coercive Force of Ferromagnetic Particles of Nearly 
Critical Size. WitttaAmM Futter Brown, JR., Minnesota 
Mining and Manufacturing Company.—Consider an elongated 
particle (regarded as an infinite cylinder of radius 6) in a 
decreasing longitudinal field Ho. The origina! uniform longi- 
tudinal magnetization J, becomes unstable with respect to an 
infinitesimal uniform rotation at HoJ,=g+2eJ 2=dro, if 
b<b,; it becomes unstable with respect to an infinitesimal 
divergenceless deviation at —HoJ,=¢+Cx*/P=r,, if b>b? 
(g=anisotropy constant, C=exchange energy constant, 
x =1.84, A\o=A, for b=b,). When b<b,, finite rotations can 
be handled by the Stoner-Wohlfarth method. When b>b+,, 
rigorous treatment of finite deviations leads to nonlinear 
partial differential equations and to a stability condition 
difficult to apply. An approximate calculation suggests that 
at A, the mean magnetization jumps to a negative value; in 
that case the coercive force of a dilute powder of identical 
oriented particles (Ao/J, for b<b.) is Ai/J, for b>b,.. This 
result agrees approximately with Kondorskii's; it is qualita- 
tively consistent with the observed decrease with increasing b. 


1W. F. Brown, Jr., Bull. Am. Phys. Soc. Ser. II, 1, 323 (1956), 


BA12. Fraction of Total Energy of Magnetic Order and 
Entropy of Magnetic Order Attained at the Curie Temperature 
by Antiferromagnetic Salts. ArtuurR PaskiIn, Ordnance 
Materials Research Office.—Recent magnetic calculations of 
Brown and Luttinger based on the Bethe-Peierls-Weiss 
method of computing magnetic order in ferro- and anti- 
ferromagnetic spin configurations are extended to obtain the 
fraction of the total energy of magnetic order and the fraction 
of the total entropy of magnetic order realized at the Curie 
temperature. Calculations are carried out both quantum 
mechanically and classically. To good approximation both 
methods give the same results for spin equal or greater than 
unity. Calculations are also compared with data obtained from 
further analysis of magnetic specific heat curves obtained by 
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Hofmann, Paskin, Tauer, and Weiss from analysis of the 
experimental specific heat data of antiferromagnetic salts. 
The calculated fractional energy is in good agreement with 
experiment while the calculated fractional entropy is greater 
than that observed. 


BA13. Antiferromagnetic Ordering in UO;. 1). G. Hensuaw 
AND B. N. Brockunouse, Chalk River Laboratories.-Neutron 
powder diffraction measurements on approximately stoichio- 
metric UO, have been made at liquid nitrogen (77°K) and at 
liquid helium (4.2°K) temperatures. At 77°K only lines ex- 
pected for the known (CaF, type) crystal structure are ob- 
served. At 4.2°K additional lines appear which can be in- 
dexed as the 100, 110, 210, 211, 300, and 310 lines of the normal 
cubic unit cell. At 77°K, the diffuse scattering is greater than 
that at 4.2°K and decreases with increasing angle of scattering 
in the manner characteristic of magnetic diffuse scattering. 
The intensities of the lines can be explained on the basis of 
antiferromagnetic coupling of the moments on uranium atoms 
in adjacent 200 planes, the moments being oriented in a 111 
direction. The magnetic moment per uranium atom is about 
2.1ue and the magnetic form factor is not greatly different 
from that. found! for ferromagnetic UH,. The 100 peak dis- 
appears at a temperature in the vicinity of the specific heat 
anomaly? at 28.5°K. Rough measurements on a nonstoichio- 
metric specimen of composition UO~ 4 gave the same result 
with a somewhat lower magnetic moment (~1.7us) per 
uranium atom. 

1C, G. Shull and M. K. Wilkinson (unpublished), See C, G. Shull and 
i. O. Wollan, Solid State Physics (Academic Press, Inc., New York, 1956 


Vol. I, 
? Jones, Gordon, and Long, J. Chem. Phys. 20, 695 (1952 


BAI4. Antiferromagnetic Resonance Studies on Cr,O, 
Crystals. Kkowarp S. Davuorr, U.S. Naval Ordnance Labora- 
tory.—I\t is found experimentally that the antiferromagnetic 
resonance absorption intensity observed at constant frequency 
increases as the temperature rises, merging with the para- 
magnetic resonance intensity at the Néel point. This tempera- 
ture dependence is found for both w; and w, branches. We use 
Keffer and Kittel’s notation for the resonance modes.’ As the 
sublattice magnetization actually approaches zero when the 
temperature is raised toward the Néel point, it is not im- 
mediately evident that the resonance intensity should increase. 
The reason is contained in a newly derived expression for the 
peak absorption susceptibility at arbitrary temperature and 
magnetic field, an extension of an expression given by Keffer 
and Kittel. An additional term is present representing a sort 
of field-induced susceptibility which is able to account satis 
factorily for the observed behavior. The ow, branch of the 
resonance, not previously reported in Cr7),,? is found to show 
fairly close agreement with theory in recent 72 KMc measure- 
ments. Recent improved data for the anisotropy energy con- 
stant AK indicate variation with the 1.7 power of calculated 
sublattice magnetization. 


'P. Keffer and C, Kittel, Phys, Rev, 65, 329 (1952) 
*hK. S. Dayhoff, Bull, Am, Phys, Soe, Ser. 11, 1, 243 (1956) 


North Ballroom 


(G. B. COLLins presiding) 


Accelerators 


Cl. Design Description of Oak Ridge Cyclotron Analogue. 
R. E. Worsnam, H. G. BLosser, anp R. S. Livincston, Oak 
Ridge National Laboratory.—The Cyclotron Analogue is a 


fixed-frequency electron cyclotron being used to evaluate ion 
behavior and resonance problems encountered at energies up 
to the first integral resonance, v, = 2, and to verify many design 
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calculations being made for a high-current, high-energy proton 
accelerator for the South. The required magnetic field is pro- 
duced entirely by air-core coils. The desired radially increasing 
average field is obtained to 0.1% with a pair of circular wind- 
ings and a large Helmhotz coil; 21 pairs of smaller circular 
windings are used for trimming. A four-cycle azimuthally 
varying field is superimposed by the use of 8 pairs of identical 
45-degree sector coils. The use of nonmagnetic construction 
materials permitted the exact calculation of the coil system 
with a digital computer. The tolerances specified for the 
magnetic field required most of the coils to be constructed to 
an accuracy of 0.001 in. and each of the 29 power supplies to 
be regulated to about 0.05%. Details of the construction 
techniques, vacuum system, and radio-frequency system will 
be shown. 


C2. Parameter Calculation Program for Oak Ridge Cyclo- 
tron Analogue. H.G. BLosser anp G. T. TRAMMEL, Oak Ridge 
National Laboratory, anp H. M. Mostry, Texas Christian 
University.—Absence of phase stability in the fixed-frequency 
cyclotron implies that the total phase drift through the 
machine must be less than 90 degrees. If the number of turns 
is large (~1000), this limit on phase drift imposes quite 
stringent precision requirements on the magnetic field. In 
addition, ion focusing must be maintained to prevent loss of 
beam. A method has been developed for specifying conductors 
and currents which produce a magnetic field satisfying, with 
high precision, both phase-drift and focusing requirements. 
Currents and conductors yielding a first approximation to the 
desired field are obtained from approximate analytic formulas. 
Equations of motion in this field are then integrated exactly by 
digital computation to find the orbit properties. Differences 
between desired and actual orbit properties are fed back into 
the approximate formulas, and corrections to the initial con- 
ductors and currents are obtained. The field defined by the 
corrected parameters is formed, and the equations of motion are 
reintegrated. The process is repeated until differences between 
desired and actual orbit properties are acceptably small. 
Results obtained by utilization of this method in the design of 
the Oak Ridge Cyclotron Analogue will be presented. 


C3. Some Properties of Flare and Gradient Focusing in 
Accelerator Guide Fields. A. Ronerts, University of Rochester. 
~The radial gradient of a guide field, &, may be provided inter- 
changeably by the conventional field index n =p/B-aB/ap, or 
by a variation R/a~—da/dR in the fraction a of the orbit 
occupied by the field. The fatter effect has recently been in- 
vestigated in some detail! and given the name of flare focusing. 
Flare focusing allows the design of accelerators and focusing 
magnets with fields of arbitrary index (including zero, i.e., 
uniform fields) with any resultant field gradient. Examples will 
be given. Further study also shows that flare and gradient 
focusing have different properties for radial focusing when 
the excitation of alternate sectors is varied. The radial beta- 
tron frequency remains unchanged with flare focusing, in- 
creases with gradient focusing. This property is convenient 
for systems (e.g , models) in which the radial frequency is to be 
varied. 

'F, Salzman and A. Roberts, University of Rochester report NYO-7676 
(unpublished ). 


C4. Coupling between Betatron and Synchrotron Oscilla- 
tions in an AG Synchrotron.* Epwin A, Crospie AND LEE C, 
‘TreNG.—In a previous paper! Crosbie and Hamermesh studied 
the effects of coupling between betatron and synchrotron 
oscillations for a constant gradient synchrotron using systems 
of linear difference equations to represent the coupled oscilla- 
tions. The same technique is here applied to a general AG 
synchrotron with arbitrary half-sector width-ratio and field 
gradients. To lowest order terms in the ratio of energy gain 


per rf cavity to total energy, the results give the well-known 
uncoupled behaviors of these oscillations. The higher order 
terms, however, appreciably modify the transition energy 
and the frequencies and damping of both the betatron and the 
synchrotron oscillations for certain ranges of machine param- 
eters 

* This work performed under the auspices of the U. S. Atomic Energy 
Commission. 


' Crosbie and Hamermesh, Phys. Rev. 98, 233(A) (1955) and Midwestern 
Accelerator Conference Report MAC-1 (August, 1954). 


C5. Misalignment Experiments and Theory in a Small 
FFAG Betatron.* C. H. Pruert, F. T. Coir, L. W. Jones, AnD 
K. M. Terwitticer, Midwestern Universities Research 
A ssociation,—A major problem of very high energy alternating 
gradient and FFAG accelerators is their sensitivity to small 
misalignments of their component magnets. The effect of such 
misalignments has been tested in a small FFAG betatron 
by moving individual magnets radially and vertically and 
measuring the resultant position of the equilibrium orbit. All 
the magnets of positive or of negative aurvature are moved in 
a test with the beam probe position held fixed, which is 
equivalent to measuring the position of the equilibrium orbit 
at different azimuths with a fixed misalignment. We have cal- 
culated the position of the equilibrium orbit in the presence 
of these misalignments in the linear approximation. The 
effects of magnet edges were replaced by impulsive lenses. 
Table I shows the theoretical maximum deviation of the 
equilibrium orbit per unit magnet displacement as determined 


TABLE I. 


Amplitude per unit magnet 
displacement 








Positive magnet moved radially 1.65 
Negative magnet moved radially 0.30 
Positive magnet moved vertically 0.81 
Negative magnet moved vertically 1.94 





in straight sections. The experimental points fall on the theo- 
retical curves to within the accuracy of the measurements. 


*Supported by the National Science Foundation, Office of Naval 
Research, and U. S. Atomic Energy Commission. 


C6. Betatron Oscillation Resonances in a Small FFAG 
Betatron.* K. M. Terwitiicer,t L. W. Jones,ft anv C. H. 
Pruett, Midwestern Universities Research Association.—The 
frequencies of betatron oscillation in the small FFAG beta- 
tron may be varied independently. The intensity of accelerated 
beam has been measured over the range between 2.3 and 3 in 
v, and 1 and 3 in »,, the frequencies being determined within 
1% accuracy by the rf perturbation technique.' The beam is 
destroyed or attenuated only in regions where the frequencies 
satisfy a relation of the form py,+qv.=m, with p, g, and m 
positive integers. In particular, no beam is obtained when 
p+q=1 or 2, as expected in a linear machine with imper- 
fections. The beam is usually affected when p+q 
of quadratic forces. In this case it is always destroyed when q 


3 because 


is even and m=8, corresponding to nonlinear instabilities in 
this 8-sector machine, always attenuated when q is even and 
m #8, due to imperfections, and rarely attenuated when q is 
odd, because of symmetry about the median plane. There is no 
effect on the beam where p+q>4, or when either p or q is 
negative, consistent with the theory of nonlinear equations.? 

* Supported by the National Sclence Foundation, Office of N il Re 
search, and U. S. Atomic Energy Commission. 

tT On leave from the University of Michigan. 

1 Hammer, Pidd, and Terwilliger, Rev. Sci. Instr. 26, 555 (1955). 


* For a discussion of this theory see P. H. Sturrock, Static and Dynamic 
Electron Optics (Cambridge University Press, New York, 1955). 




















C7. Characteristics of a Regenerated Synchrocyclotron 
Beam.* E. M. Harner, J. H. Tincot, anp R. S. HARDING, 
University of Rochester.—I\n order to investigate the possibility 
of improving energy discrimination in double-scattering ex- 
periments in the 200-Mev region, measurements have been 
made on a 240-Mev proton beam that has undergone regenera- 
tive deflection. Targets at several azimuths were placed out 
side the largest normal orbits, and protons and neutrons 
derived from them were studied outside the cyclotron. Re- 
sults will be presented in regard to the following : (i) intensities 
of regenerated beams relative to the normal beam, (ii) energy 
distributions of elastically scattered regenerated beams, (iii) 
dependence of mean energy on conditions of regeneration, and 
(iv) distributions in time of accelerated protons both before 
and after regeneration. Preliminary data on these properties 
have indicated that considerable improvement in energy 
selection can be expected from the proper use of this technique. 


* Research supported by the U.S. Atomic Energy Commission. 


C8. Nonlinear Resonances in Alternating Gradient Accelera- 
tors.* G. PARZEN,t Midwestern Universities Research Associa- 
tion. —A method has been developed for treating the nonlinear 
resonances which occur in the betatron oscillations of the 
strong focusing alternating gradient type of high-energy 
accelerator. The method predicts the location of the reson- 
ances, calculates the stability limits on the amplitude of the 
oscillations, and also gives the stability limit orbits. The 
theory has been compared with numerical calculations for the 
v, = 4N resonance and for the 2¥,+¥,=N coupled resonance. 


* Supported by the U. S. Atomic Energy Commission 
t On leave from the University of Notre Dame, 


C9. A Rapid Beam Ejector for the Cosmotron.* Davin C. 
Raum, Brookhaven National Laboratory._-Yhe shortest dura- 
tion beam normally obtainable from the Cosmotron lasts about 
2 milliseconds. Since this time is long for some bubble chambers 
and for some high field pulsed magnets, a device for rapidly 
throwing the beam into a target was constructed. A two-turn 
rectangular coil 165 by 20 cm, the turns separated by 17 cm, 
is placed in a straight section. The two turns are connected in 
parallel and pulsed with a condenser bank of 8 yf, using a 
spark gap for a switch. The resonant frequency is 40 ke and 
at 25 kv the peak current is 50 000 amps, giving a peak field 
of about 1100 gauss. This field throws the beam inward onto a 
target. With 18 kv applied it is possible to throw virtually all 
the beam onto a target in about 3 sec. A few percent of the 
beam continues to come in over a period of several milliseconds. 
This long tail to the beam is also seen with normal beams. It 
is also possible to obtain a short-duration external beam, With 
lower voltages it is possible to make only a fraction of the 
beam hit the target suddenly. The rest of the beam continues 
for the remainder of the normal acceleration cycle. 

* Work performed under the auspices of the U.S. Atomic Energy Com- 
mission, 


C10. A Method of Obtaining Intersecting Beams with a 
Single Accelerator.* ‘[iniko OukKAWA AND LAWRENCE W., 
Jones, Midwestern Universities Research Association, The 
several suggestions for achieving very high center-of-mass 
energies with head-on collisions between particles of inter- 
secting beams require two tangent accelerators or one ac- 
celerator with storage rings. It is possible, using a modification 
of the radial sector fixed field alternating gradient accelerator, 
to have particles of the same mass and charge circulating 
simultaneously in opposite directions in a single accelerator. 
The geometry consists of a ring of identical magnets, with the 
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field in successive magnets alternating in sign but of the same 
magnitude. With the field in each magnet increasing radially 
as r*, the equilibrium orbits are scalloped so that they lie in 
stronger fields in magnets of one sign and hence progress 
around the accelerator. Some advantages may be realized by 
spiraling the magnets. Calculations will be summarized which 
show that, for realistic parameters, the circumference factor 
(ratio of the radius of the accelerator to the minimum particle 
radius of curvature) may be five or six. While the large circum- 
ference of such a machine is a severe disadvantage, the possi 
bility of many intersecting beam target areas, variability of 
center-of-mass energy, and the relative design and structural 
simplicity of this configuration make it an interesting possi- 
bility. 

* Supported by the National Science Foundation, Office of Naval Re 
search, and U, S, Atomic Energy Commission, 


C11. Negative Helium Ion Source.* I. M. Winpuam,t P. J. 
Josern, J. A. Weinman, anno R. G. Hern, University of 
Wisconsin.—Certain theoretical! and experimental® papers 
suggest the existence of a negative helium ion with a lifetime 
sufficiently long (the order of 10°% sec) for acceleration in 
common accelerating machines. An attempt has been made to 
find additional evidence for the existence of such ions utilizing 
the negative hydrogen ion source essentially as described by 
Weinman and Cameron.’ ‘There have been minor modifica- 
tions on the positive ion source, and an oil diffusion pump has 
been added to the Evapor-lon pump in order that the helium 
admitted to the source could be pumped. The positive helium 
ions are passed through a converter tube filled with hydrogen 
gas, and the resulting negative ions are magnetically analyzed, 
The magnetic spectra indicate a peak which can be attributed 
to negative helium ions. The yield of these negative ions is 
about 3.510% wa under the conditions of the experiment 
Spectra and yield curves at different flow rates of gas and 
different converter tube potentials will be shown. 

* Supported by the U.S, Atomic Energy Commission and by the Grad 
uate School from funds supplied by the Wisconsin Alumni Research Founda 
Te North Texas State College. 

1K. Holgien and J. Midtal, Proc, Phys. Soc, 68, 815 (1955) 


2). W. Hiby, Ann, Phys. Leipzig, 34, 473 (1949 
* J. A. Weinman and J. KR. Cameron, Kev. Sci, Instr. 27, 288 (1956) 


Ci2. Acceleration of Particles through Imperfection 
Resonances. M. M. Gokpon* anv T. A. Weirton, Oak Ridge 
Vational Laboratory. 
tivistic energies without frequency modulation, the two focus- 


If protons are to be accelerated to rela- 


ing frequencies, v, and vy, must pass through many resonance 
lines. Formulas have been derived for the effect on beam di- 
mensions produced by acceleration through the more im- 
portant of these resonances. In each case the appropriate 
parameters are the energy gain per turn (4), in units of the 
rest energy, the fractional field error of relevant type (¢), and 
the slope of the line followed by the operating point as it 
e=10"4, and 


reasonable values of dv,/dv,, no imperfection resonance can 


crosses the resonance line (dv,/dv,). For 3 


cause appreciable beam loss except an integral radial or 
vertical resonance, which requires a somewhat smaller value 
of «. A number of orbits have been traced in cyclotrons with 
v,~2, and the mechanism of beam loss has been elucidated. 
These results strongly indicate that, by using small spiral, 
large flutter, and a relatively small value for »y, vertical 
stability can be retained at », =2 with e=107%. In addition, 
a simple trimming coil can be used to reduce the effective 
value of « rather simply to lower values. 


* Summer research participant, University of Florida 
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WEDNESDAY MorNING AT 9:45 


Empire Suite 


(P. Morrison presiding) 


Theoretical Physics I: Quantum and Relativity Theory 


CAI. Tentative Field Equations. V. O. Nicoiai, University 
of North Dakota.—Proposed field equations are relativistically 
invariant; they are consistent with Newton's laws and with 
the mass energy equivalence. In a limiting case they reduce 
to the standard wave equation for waves traveling with the 


velocity of light. 


CA2. General Relativistic Cutoff to Quantum Theory. G. W. 
Sruart, General Electric Company.*—Divergent fermion self- 
energies are ascribable to operation of the uncertainty prin- 
ciple, permitting the fermion to emit and reabsorb virtual 
bosons of arbitrarily high momentum. These self-energies 
would be finite if commutator brackets for canonical variables 
vanished at very high momenta (small distances). The possi- 
bility of such a vanishing is indicated by observing that the 
metric tensor multiplies h, when the commutator is written 
in the form covariant under Lorentz transformation. General- 
izing to Riemannian space, one notes that vanishing of the 
metrical components close to a fermion implies that a classical 
description is valid, and virtual emission of high momenta 
bosons is suppressed. We illustrate these concepts by treating 
gravity classically and assume a diagonal metric; the radial 
and time terms have the form +(1—e"), the minus sign 
applying for goo. Inserting this metric into the gravitational 
field equation produces the fermion stress-energy tensor. 
Using a result of Tolman, 8 is evaluated in terms of the 
fermions’ observed mass and is of order of the inverse Schwarz- 
child radius. For finite mass the energy density is positive 
definite. 


* Hanford Atomic Products Operation, Richland, Washington, Operated 
by the General Electric Company for the U.S. Atomic Energy Commission, 


CA3. Feynman Quantization of Non-Cartesian Systems. 
James L, ANDERSON, Stevens Institute of Technology.—The 
Feynman! space-time approach to quantum mechanics is 
applied to non-Cartesian systems, i.e., to systems with Lagran- 
gians of the form L=4G4(q)¢‘q' +1s(q)¢'—V(q), where 
Gi(q) is a nonsingular matrix which, however, may not be 
transformable into 6 by an appropriate coordinate trans- 
formation. In order to make this application it is first necessary 
to find S(q’,q; «), the action evaluated along a classical path 
which leads from the point q in configuration space to the 
point q’ in an infinitesimal time interval e. This is accomplished 
in two ways: by solving the equations of motion and then 
evaluating /Ldt and by solving the Hamilton-Jacobi equa- 
tions; the two methods yield the same result. Following 
Feynman, the Schrédinger equation was then derived. Aside 
from the usual terms one would expect to obtain, there ap- 
peared a term of the form 4Ry, where X is the curvature scalar 
formed from the Gy. It thus appears that the Feynman 
formalism gives a unique prescription for the ordering of 
factors in a quantum-mechanical expression when such order 
is in doubt. In addition to the Schrédinger equation, the 
commutation relations and the Hamiltonian for the system 
were derived. 

'R, P. Feynman, Revs. Modern Phys. 20, 367 (1948). 

CA4. Coordinate Conditions as an Aid to Finding Ob- 
servables.* ALLEN JANIS AND PETER G. BERGMANN, Syracuse 
University.—Bergmann and Goldberg' have shown that in 
order to obtain a consistent quantum theory it is necessary to 


formulate the theory in terms of the ‘true observables, 
whose commutation relations are given by the generalized 
Dirac bracket. In the Lagrangian formalism, the problem of 
finding the true observables is equivalent to the problem of 
finding the constants of the motion.? This program becomes 
complicated if the Lagrangian is “singular,” that is to say 
that the equations of motion cannot be solved for the highest 
time derivatives. By the use of coordinate conditions, a singular 
Lagrangian can be made nonsingular, as, for example, the 
Fermi Lagrangian for electrodynamics. We show that a group 
of transformations exists for the Lagrangian thus mod‘fied 
which is isomorphic to the original group of invariant trans- 
formations, and whose generators, therefore, permit us to 
determine the true observables and their commutation 
brackets. 
Mf yg ten by the National Sclence Foundation. 


Bergmann and I, Goldberg, Phys. Rev, 98, 531 (1955). 
? Bergmann, Goldberg, Janis, and Newman, Phys. Rev. 103, 807 (1956) 


CAS. Replacing Constraints by Auxiliary Conditions in 
Gravitational Theory.* F. J. BeLinraNTE AND D. I. Carian, 
Purdue University.—Fermi's alteration of Maxwell's theory, 
destroying complete gauge invariance while imposing 
“weakly” the Lorentz condition S(t =0) = d9S(t =0) =0 with 
S =0,[A"(—g)*], was useful in providing a workable quantum 
electrodynamics and later helping to find the interaction 
operator of gauge-independent quantum electrodynamics, 
“physically quantizing’ Maxwell's original theory. Similarly 
useful should be an alteration of the gauge-invariant, co- 
ordinate-invariant, and fourleg-invariant theory of gravita- 
tion, electromagnetism, and Dirac electrons, adding to the 
Lagrangian —(ct/32"G)(—g)“*(S*Q,+4(—2)S” OS yyw) ] 
— (—g)~*S*/8x and at t=0 weakly imposing besides S = doS 
=() the coordinate conditions G@* = dgS4 =0 and 1 we condi- 
tions Sw)w)=0, where G*=d, LG g)4] and Syw)w)=N* 
XA wrePh wy’? —AweAh yw)” ), with N* a time-like unit vector 
field. The conditions are conserved. All time derivatives of 
field variables are expressible in terms of canonical variables. 
The conditions expressed in canonical variables take the form 
of the first-class constraints of the completely invariant theory 
Quantizing, we take care of the second-class constraints by 
Dirac's modified Poisson brackets. 
equations determining a canonical transformation by which 
the fundamental equations of the “physically quantized” 
theory should be found. 


Thus the conditions become 


* Supported in part by the National Science Foundation 


CA6. Half-Integer Spin in General Relativity. Davin 
FINKELSTEIN, Stevens Institute of Technology and New York 
University.—The space of functions y(g) of symmetri 
tensors g = (gi;) contains subspaces of half-integer 
contains regular y's transforming by the double-valued 
representations of the Lorentz group L.' However, in general 
relativity, the tensor g is subjected to the general linear group 
GL(4,R) at each point of space-time. Thus it is necessary to 
see whether the aforementioned representations of L 
extended to GL(4,R). It has been shown that they cannot be so 
extended. We conclude that, in spite of the earlier encouraging 
result, a purely gravitational theory cannot give rise to states 
of spin 4 when quantized. It is well known that the requirement 


“spin,’’ ie 


can be 
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that all quantities be general-covariant (which has been im- 
posed here) is not satisfied by any existing theories of spinors in 
general relativity, and so it has become customary to suspend 
this requirement, for instance, by introducing orthogonal 
vierbeine. However, some apparently new types of generally 
covariant tensors of double-valued transformation law are 
known, and it was hoped to find such among the ¥(g). 


! David Finkelstein, Bull. Am. Phys. Soc. Ser, II, 1, 208 (1956). 


CA7. Advanced and Retarded Potentials in General Rela- 
tivity. J. WeBer, University of Maryland, anv J. A. WHEELER, 
Princeton University.—When the equations of motion for the 
two-body problem are obtained from the field equations by 
the method of Einstein, Infeld, and Hoffman, or modifications 
thereof, there are some questions concerning the combination 
of advanced and retarded potentials which should be em- 
ployed. It is well known that a combination of half-advanced 
and half-retarded potentials gives no two-body radiation. 
However, let the two bodies be surrounded at great distances 
with a large number of other bodies initially at rest. We would 
like to point out that under these circumstances radiation of 
energy results theoretically even if the sum of half retarded 
and half advanced potentials is employed. This is a conse- 
quence of the fact that the absorber theory of radiation’? 
can also be employed in general relativity, if we assume the 
same causality principles to apply as in electrodynamics. 


1 Wheeler and Feynman, Revs. Modern Phys. 17, 157 (1945). 
3 Tetrode, Z. Physik 10, 317 (1922). 


CA8. Magnetic Moments in the Bhabha Formalism. 
Ropert L. Pease, Hughes Aircraft Company, AND JANE 
Pease, Los Angeles.—Bhabha' has proposed a formalism in 
which the canonical linear field equation, (1p40,+k)y =9, is 
satisfied by a certain 20-component field function; in the 
nonrelativistic limit the system described by the formalism 
decomposes into two states of different mass, both with posi- 
tive charge, exhibiting spins of § and 4, respectively. The mag- 
netic dipole moments of such a system have been calculated 
using a recently developed technique.? It is found that (in terms 
of a magneton containing the mass of the state in question), 
the magnetic moment of the spin j state is unity, but that in 
general the magnetic moment of the spin 4 state differs from 
unity. 


1H. J. Bhabha, Phil. Mag. 43, 33 (1952). 
2 J. Pease and R. L, Pease, Phys. Rev. 104, 816 (1956). 


CA9. Some Aspects of the Covariant Two-Body Problem.* 
Susumu Oxuso, University of Rochester, AND DAVID FELDMAN, 
Brown University.—We have studied the bound states of the 
Bethe-Salpeter equation for the nucleon-antinucleon system, 
including the ladder and pair annihilation diagrams. For sim- 
plicity, nucleons and mesons were taken to be scalar, the latter 
having rest mass zero. Pair effects enter only in S states, with 
the bound states corresponding to the poles of the meson 
propagator Dr’. The B. S. equation is intimately related to the 
integral equation for the generalized vertex operator I; this 
we have solved, using an integral transform method similar to 
that of Wick and Cutcosky, under the assumption that the 
nucleon mass is large compared to the binding energy. After 
performing a self-energy subtraction, we find the energy 
eigenvalues as a function of the coupling constant. These 
have the form given by the usual Bohr formula plus cor- 
rections. We shall also discuss the application of similar 
methods to the nucleon-nucleon scattering problem in the 
ladder approximation, 


* This research was supported, in part, by the U. S, Atomic Energy 
Commission. 





CA10. Quantized Free Dirac Field in Hamilton-Jacobi 
Formulation. Hans Freistapt, Newark College of Engineering. 

With the aid of a “‘meta-calculus” similar to that employed 
by Valatin,' the quantized free Dirac field is put into a 
Hamilton-Jacobi formulation, which is interpreted causally, 
in line with earlier work.? By “meta-calculus” is meant the 
theory of the linear operation d,(ax*)/d,x = jal 1 —(—1)* }x""|, 
called? the “‘meta-derivative."’ To remove any ambiguity in 
any sum, each term, which may include transcendental factors, 
is expanded into a Maclaurin series before the meta-derivative 
is taken. Anticommutation relations of the form [p,q], =thare 
then satisfied by the explicit representation p =ihd,/0,q. In 
the Schrédinger equation for the state of the quantized Dirac 
field, the Hamiltonian operator can then be written as a 
function of the Dirac field operators ¥ and the meta-deriva- 
tive 0,/0,y, and the state vector VW written in the form 
exp(@—15/h) to yield a modified Hamiltbn-Jac obi equation. 

1 J. G. Valatin, Proc. Roy. Soc, (London) A220, 221 (1955), followed by a 


private explanation, which is gratefully acknowledged 
4H. Freistadt, Phys. Rev. 102, 274 (1956). 


CA11. Mass Renormalization without Expansion in Classical 
Electrodynamics.* Perer G. BERGMANN, Syracuse l/niversity. 

In 1955 P. A. M. Dirac and the writer, independently of 
each other, proposed a reformulation of electrodynamics that 
would avoid completely the introduction of scalar and longi- 
tudinal fields. Neither of these new formulations was Lorentz- 
covariant, and neither succeeded in completely avoiding di- 
vergent terms in the action principle or in energy or linear 
momentum of the system. The present proposal is Lorentz- 
covariant and considers the simultaneous presence of a free 
electromagnetic field and of point charges. A single mass 
renormalization in the action, which amalgamates the non- 
Maxwell mass of the point charge with the self-interaction 
term, leads to a Lorentz-covariant and gauge-invariant action 
principle, in which the (relativistically) transverse field and 
the configuration variables of the point charges are the inde- 
pendent degrees of freedom and which is free of divergent 
terms. With the help of this action principle one can form 
closed expressions for energy and linear momentum that are 
also free of infinites. In this formulation the free field is un- 
affected by the motion of the point charges but does itself 
appear in the ponderomotive equations. 


* Supported by the National Science Foundation. 


CA12. Dispersion Relations for the S-Matrix. J. S. Tou., D. 
Y. WonG,* ano J. M. KniGut,t University of Maryland. 
Dispersion relations for the S matrix for fixed spherically sym- 
metric seatterers of finite extent are derived to illustrate 
restrictions implied by strict causality on scattering through 
nonzero angles. The forward scattering of appropriate com- 
binations of point sources and plane waves yields an infinite 
sequence of causal amplitudes which satisfy conventional dis- 
persion relations. Inverting the relation for these causal 
amplitudes in terms of the S matrix, one obtains dispersion 
formulas which give Im5S,,(w), for each m, in terms of combina- 
tions of the ReSi(w)'s plus low energy limits of [.5:(w)/w*] 
for all 1 >m. Hence the real part of the scattering amplitude 
is determined by its imaginary part plus low-energy limits of 
[Silw)/o* ). If a perturbation expansion method is valid, 
then low-energy limits determine all phase shifts, or the s wave 
determines all other phase shifts. The massless scalar field, 
Maxwell field, Klein-Gordon field, and Dirac field are treated. 
The equivalent formulation of dispersion relations for the S 
matrix in terms of the vanishing of commutators is derived 
and is being applied to Delbriick scattering. 


° Frank M. Shu Fellow. Assisted by the National Science Foundation. 
t National Science Foundation Predoctoral Fellow. 
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WEDNESDAY MORNING AT 10:00 


Boston-Washington Room 


(N. F. RAMSEY presiding) 


Special Topics in Nuclear Physics 


D1. Neutron-Proton Potential as Determined by Electron 
Scattering from the Deuteron.* Joun A. McIntyre ANnp 
SoBHANA Duar,t Stanford University.—Electrons with ener- 
gies of 400 and 500 Mev have been scattered from the deu- 
teron. The scattering at the largest angles is a factor of five 
below that expected from scattering by a deuteron charge 
distribution. This discrepancy is removed by assuming that 
the proton in the deuteron has an rms radius! of 0.78 10-4 
cm. There is still some uncertainty in the expected deuteron 
scattering because of the various possible neutron-proton 
potentials in the deuteron. The scattering from three types of 
deuteron has been calculated using deuteron S- and D-state 
wave functions and the magnetic moment of the deuteron.” 
One deuteron calculated has a repulsive core neutron-proton 
potential’ while the other two deuterons have Yukawa poten- 
tials. Comparison with the experimental data shows that 
agreement can be obtained for all deuteron models because of 
the uncertainty in the radius of the proton. 

* Supported by the joint program of the Office of Naval Research and the 
U.S. Atomic Energy Commission, and by the Office of Scientific Research, 
Air Research and Development Command, 

t Now at Lady Brabourne College, Calcutta, India. 

ik. kb, Chambers and KR, Hofstadter, Phys. Rev, 103, 1454 (1956), 

*V. Z. Jankus, Phys. Rev, 102, 1586 (1956). 


4S, Gartenhaus, Phys. Rev, 100, 900 (1955), 
4H. Feshbach and J. Schwinger, Phys. Rev, 84, 194 (1951), 


D2. Electron Scattering from Neighboring Nuclei.* B. 
Haun,t R. Horstaprer, AND D, G. RAVENHALL, Stanford 
University. -A method for measuring small variations in 
charge distributions of neighboring nuclei, such as isotopes 
and isotones, has been developed. The method involves the 
measurement of the ratio of cross sections of the two nuclei 
compared. In the region of the diffraction dips, pronounced 
variations of the ratios occur for different assumed nuclear 
models. The shape and absolute value of the ratio curve give 
important information about local density differences. For 
example, in the region of nickel, a one percent difference in the 
radial parameter of two isotopes, and no difference in the 
surface thickness parameter, produces approximately a 20% 
variation in the cross-section ratio in the angular region of the 
dip. The isotopes a»Niso™ and a»Nis” and the isotones asf eso" 
and aNiso** have been studied experimentally. It may be 
shown that the two extra neutrons in Ni® affect the closed 
shell proton structure of Ni. 

* This research reported here was supported jointly by the Office of 
Naval Kesearch and the U.S. Atomic Energy Commission, and by the U. 5, 
Air Force, through the Office of Scientific Research of the Air Kesearch 


and Development Command. 
1 Now at the University of Fribourg, Fribourg; Switzerland, 


D3. F-Wave in n-p Scattering at 160 Mev.* S. Sritat, E. 
M. Harner, AND J. H. Tintor, University of Rochester.—The 
differential cross section for n-p scattering at an effective 
energy of 160 Mev has been measured at center-of-mass angles 
from 12.5 to 173.7 degrees. The data at small angles were 
obtained by detection of neutrons scattered by liquid hy- 
drogen; at large angles, the recoil protons from polyethylene 
were observed. An additional absolute measurement at 30 
degrees was made, and the data were analyzed to give a least- 
squares fit to a polynomial up to and including the term cos". 
The result obtained in this way is statistically admissible, 
whereas the analogous result for a polynomial going only to 
cos” is not. We therefore have evidence for the appearance of 
significant F-wave contribution to the scattering at this 


energy. Analysis of an independent experiment! in which data 
were obtained from 50 to 178 degrees indicates excellent 
agreement throughout the entire region of overlap. 


the U.S. Atomic Energy Commission 
London) A213, 392 


* Research supported by 
' Randle, Taylor, and Wood, Proc. Roy. So 


1952 

D4. Small Angle Elastic p-p Scattering at 440 Mev.* 
Henry Horstman, S. K. Kao, anp GrorRGE HINMAN, 
Carnegie Institute of Technology.—Four-hundred and forty- 
Mev protons from the Carnegie Tech synchro-cyclotron have 
been scattered from a liquid hydrogen target and the elastic 
scattering cross section studied in the Coulomb interference 
region. Nuclear emulsion plates were used as detectors. ‘Two 
and one-half inches of copper were interposed between the 
scattered beam und the plates to remove deuterons and low 
energy protons from the p+ p—>r* +dand the p+p—+p+n+_n" 
reactions. Plate exposures have been made, and scanning is in 
progress to improve statistics. 


* This research was supported by the U. S. Atomic Energy Commissior 


DS. Absolute Neutron Spectra from 190-Mev Proton 
Bombardment of Various Elements. Enwarp E. Gross, Oak 
Ridge National Laboratory.*—Nuclear emulsions were used to 
measure the differential cross sections for the production of 
neutrons in the energy interval 0.5 to 12 Mey resulting from 
190-Mev proton bombardment of C, Al, Ni, Ag, Au, and U 
targets. The neutron yields were measured at laboratory angles 
of 45°, 90°, and 135° to the beam direction. The angular dis 
tribution of the neutrons emitted from U, Au, and Ag appears 
to be isotropic in the laboratory system. An angular variation 
begins to appear in the neutrons emitted from Ni and be 
comes more pronounced in the neutrons emitted from Al and 
C. The observed spectra are consistent with a combination of 
two processes: (1) an isotropic evaporation process, and (2) 
an angle-dependent cascade process. The average excitation 
energies obtained from the data are: U 88 +18 Mev, Au 83417 
Mev, Ag 69412 Mev, Ni5749 Mev, Al 50+48 Mev, 
C2745 Mev. higher than predicted by 
Monte Carlo calculations 


and 


These values are 


* Work performed at the University of California, Berkele 


D6. Proton-Nucleus Elastic Scattering at 40 Mev.* Norton 
M. Hintz, University of Minnesota.—The 
optical model in accounting for nucleon-nucleus elastic scatter 


success of the 


ing justifies further experimental efforts at new energies. An 
eight-foot-diameter general purpose scattering stand! has been 
constructed for use with the 40-Mev proton beam from the 
second stage of the Minnesota Linac. The scattering takes 
place in a 12-in. diam chamber with a 335°-continuous 3-mil 
mylar window. Two steel arms, for detector and monitor 
assemblies, can be positioned remotely to +-0.02°. For detect- 
ing the scattered protons, a 1-in. diam Nal crystal with a thin 
entrance window is used. This is coupled, via a 3-in. long Lucite 
light pipe, to a 2-in. end-windowed photomultiplier. Energy 
resolution as good as 14% (full width at half maximum) can 
be obtained with this arrangement providing heavy shielding 
and moderately slow counting rates are used to minimize pulse 
pile up effects. Elastic scattering data will be presented for C, 
Al, Sn, and Pb, generally from 15° to 150° at 24° intervals 
with about +]° angular resolution. The data will be analyzed 
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by A. E. Glassgold's group at Minnesota to extract the shape 
and strength parameters of the optical model. 


* Supported in part by the U. S. Atomic Energy Commission 
! Designed in collaboration with Eisberg, Day, and Williams 


D7. Creation of the Heavy Elements by Neutron Capture on 
a Fast Time Scale.* Perer FonG, Utica College of Syracuse 
University and M. I. 7.—The cosmological abundance curve 
of Suess and Urey! shows pronounced peaks at Br, Xe, and Pt 
just before the peaks at the neutron magic-number nuclides Y, 
La, and Bi, respectively. An explanation for the formation of 
the former group of peaks has been suggested by Coryell? that 
these elements were first formed, in large abundance, as 
neutron-rich unstable nuclei with magic-number neutrons in 
a neutron capture on a fast time scale and later 
changed to Br, Xe, and Pt groups by beta-decay. The mathe- 
matical formulation of this problem is represented by about a 
thousand simultaneous ordinary differential equations. By a 
transformaticn this set of equations may be replaced by a 
single partial differential equation which takes the form of 
equation of continuity and thus may be solved analogously by 
determining the stream lines. By postulating a neutron capture 
mean lifetime for all (nonmagic-number) nuclides of the order 
of 0.05 sec, the positions, widths, and heights of the’abundance 
peaks may be calculated which agree reasonably well with the 
observed results. 


proc css 


* This work was supported in part by the U, S, Atomic Energy Com 
mission 
1H. E. Suess and H.C, Urey, Rev 


7C, D. Coryell (to be published 


Modern Phys. 28, 53 (1956) 


D8. Spectral Distribution and Z Dependence of Thick 
Target Bremsstrahlung. FE. A. Epeisack,* W. E. KReGer, 
W. MALLet, anp N. E. Scortecp, U/. S. Naval Radiological 
Defense Laboratory.—-Continuing earlier work,’ thick target 
spectra of bremsstrahlung radiation for electrons were meas 
ured using the USNRDL Van de 
source of monoenergetic electrons. The present measurements 
are from gold, copper, aluminum, and polystyrene targets at 
electron energies of 1.90, 1.50, and 2.00 Mev. The target 
thickness for each element at each energy was equal to the 
calculated maximum range of the electron, using Spencer's 
values of residual range.? Pulse-height distributions were 
measured with a well-collimated 4-in. by 4-in. single-crystal 
20-channel gamma-ray spectrometer. All the 
results are for an 0° angle between the collimator-spectrometer 
axis and the direction of the incident electrons. The experi- 
mentally observed pulse-height distribution was the subject of 


‘,raaff generator as the 


scintillation 
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a series of corrections to obtain the true bremsstrahlung spec- 
trum. These corrections will be discussed. The method of un- 
folding the spectra due to the response of the Nal crystal and 
its associated etectronics will be presented. Also, the de- 
pendence of the bremsstrahlung spectra on the atomic number 
of the target will be discussed. 

* Now with the Office of Naval Research 


ik. A, Edelsack and W. E. Kreger, Phys. Rev. 
?L. V. Spencer, Phys. Rev. 98, 1597 (1955), 


100, 973(A) (1955) 


D9. Differential Energy and Angle Spectra of the Photons 
Emerging from Thick Slabs Irradiated by a Broad Beam of 
Co” Gamma-rays. N. E. Scorrenp, U’. S. Naval Radiological 
Defense Laboratory.-Using a “total-abserption” scintillation 
spectrometer, 120-channel pulse-height distributions were ob- 
tained for forward scattering angles of 0°, 3°, 5°, 10°, 15°, 20°, 
30°, 45°, and 60° and for slab thicknesses of 0 in., 2 in., 3 in. 
4} in., and 5} in. of iron and for slab thicknesses of 0 in., 3 in., 
6 in., 9 in., 12 in., and 16 in. of aluminum. Some corrected 
pulse-height distributions are compared with calculated dis- 
tributions based on only first and second scattered quanta 
(method of Certaine). A comparison is made between some of 
the integrated data and the infinite medium theory (as 
modified by boundary effects) of Spencer, Fano, and Berger. 


D10. Range-Energy Measurements in Al for Protons of 2 
to 5 Mev.* H. Bicusen anp B, J. Farmer, Jhe Rice Institute. 

Few range energy measurements for protons from 2 to § 
Mev are known. The present investigation was started in 
order to remedy this situation and to investigate the shell 
corrections which for Al account for about 3° of dE/dx in this 
energy region. The determination of incident proton energies 
is done with various (p,n) thresholds in The Rice Institute 
electrostatic generator. The ranges are measured in the triple 
coincidence counter developed at Princeton University and 
previously reported.’ Results are in agreement with the theo- 
retical curve! to better than 1%: 


E,y(Mev) = 2.130 4.034 4.017 5.048 t O1% 
Resp (mg/cm) = 12.66 22.38 $5.68 §2.25 t 0.2% 
Multipie scatter- 
ing correction 
mg/cm?) + 0.06 0.09 O12 O16 110% 


The experimental determination of multiple scattering gives 
results about half as big as computed for Al.!’ Measurements 
on Ni and Ag are in progress. 

* Supported in part by the U.S. Atomic Energy Commission 


! Bichsel, Mozley, and Aron, Phys. Rev. (to be published); Phys 
94, 764(A) (1954) 


Rev. 


2:00 


Boston-Washington Room 


(L. BOLLINGER presiding) 


Neutron Physics and General Nuclear Physics 


El. Neutron Activation Cross Sections with Sb-Be Neu- 
trons. N. H. Lazar, W. S. Lyon, anp R. L. Mackin, Oak 
Ridge National Laboratory. Neutron activation cross sections 
for Sb-Be neutrons (~25 kev) have been measured by gamma- 
ray scintillation spectrometry. General agreement with theo- 
retical predictions of absorption cross sections vs atomic 
weight is found. Magic shell effects are quite evident and 
correspond with singularly low observed cross sections. Agree- 
ment with earlier published results! is generally within a factor 
of two. The activity determination through the measurement 


of the gamma-ray intensity rather than the beta rays permits 
thick samples to be used, and thereby a large increase in sensi- 
tivity and precision is obtained in favorable cases; e.g., a 
cross section of 1.0240.2 b was found for Na™. Values of 
1.08+0 10 mb for Au’ and 0.804-0.08 b for In"* (54 min.) 
have been measured. Results on other nuclides are being 
checked. This work is based on an absolute measurement of 
the iodine activation cross section reported earlier.* 


Phys. Rev, 82,67 (1951). 


Hummel and B. Hammermesh 
I Ser. Il, 1, 264 (1956). 


iV 
*R.L. Macklin, Bull. Am. Phys. Soc 
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E2. Photo-Neutron Yields in the Rare Earth Region.* Ben 
Perrer, M. Weiss, and E. G. FuLLer, National Bureau of 
Standards.-The total photo-neutron yield curves for Sn, I, 
Ce, Sm, Tb, Ho, Er, Yb, Ta, Au, and Pb have been measured 
for x-ray energies from 7 to 40 Mev with the NBS 50-Mev 
betatron. The beam was monitored by a transmission ioniza- 
tion chamber, which was calibrated in terms of ergs in the 
transmitted beam by the crystal spectrometer method.' Cross 
sections for neutron production versus x-ray energy were 
obtained via the Penfold-Leiss Tables.? Since multiple neutron 
production is included, the cross sections should correspond to 
the total nuclear absorption cross sections only below the 
(7,2n) threshold. The “giant resonances” of elements with 
large quadrupole deformations were broader than of those 
elements with small quadrupole deformations*; for example, 
the full width at half maximum was about 10 Mev for Er and 
Ho compared to about 6 Mev for Au and Pb and 7 Mev for Sn. 

* Supported in part by the U, S. Atomic Energy Commission, 

1 Koch, Leiss, and Pruitt, Bull, Am. Phys, Soe, Ser. II, es 199 (1956), 

24.8, Penfold and J. E. Leiss, Phys. Rev. 95, 637 (1954 


4K, Okamoto, Progr. Theoret. Phys. 15, 75 (1956); M. aie, Bull. Am. 
Phys. Soc. Ser. I1, 1, 199 (1956), 


E3. Radiations Following Neutron Capture in the Separated 
Isotopes of Europium. J. M. Cork, M. K. Brice, R. G. 
Hev_mer, AND D. E. Sarason, University of Michigan.—Neu- 
tron capture in normal europium leads to two long-lived radio- 
active emitters. Because of their similarity, no clear-cut 
analysis of the decays has been possible. With enriched iso- 
topes, Eu'(92%) and Eu'#(95%), the problem is greatly 
simplified. From each of the very strong Eu! and Eu'™ 
sources some forty electron lines are observed in photographic 
magnetic spectrometers. Both nuclides can possibly decay 
either by K capture to Sm or by beta emission to Gd. For the 
lower energies the KLM differences allow a positive identifica- 
tion of the product nuclei. A strong similarity appears between 
the electron spectrum of Eu! and that of Eu’, Several 
gamma rays have almost equal energies in the two sources. 
The decay in every case leads to even-even stable nuclei, and 
some of the gamma transition energies in kev are: Sm! 

122.7, 245.0, 445.2, 875, 1095, 1419; Gd'*—104.5, 345.1, 
412.2,782, 1124; Sm'— 121.8, 690.6; Gd'™—-84.2, 123.5, 248.0, 
344.3, 723. The beta spectrum of Eu'™® has components of 
energies 1456415, 1044420, and 684+30 kev, as well as 
several at lower energy. These isotopes occur where the rota- 
tional theory should apply, but the prediction of energy levels 
deduced from the strong coupling model needs modification. 


E4. Rule Concerning Isomeric Ratios Following Slow Neu- 
tron Capture. E. peR MATEOSIAN AND M. GOLDHABER, Brook- 
haven National Laboratory.*—-It has been known for some 
time that the relative cross sections for radiative neutron 
capture leading to two isomeric states in a given nucleus are 
such as to favor the formation of the isomeric level with spin 
closest to that of the compound nucleus.' If we use recent data 
on spin assignments for isomers* and thermal neutron capture 
cross sections,® we find this rule well confirmed with only one 
exception, Ge’, for which the cross sections given are 0.030 b 
for the lower spin state (1/2 —, 59 sec) and 0.20 b for the higher 
spin state (7/2 +, 12 hr). Assuming the known decay schemes,‘ 
we have remeasured these cross sections using enriched stable 
isotopes* of Ge and found them to be 0,06 40.01 and 0.05 +0.01 
b, respectively. Other isomeric ratios are being measured. 

* Under auspices of the U. S, Atomic Energy Commission. 

1, Segré and A. C. Helmholz, Revs. Modern Phys, 21, 271 (1949), 

1M. Goldhaber and R. D, Hill, Revs, ~ oe Phys. 24, 179-239 (1952). 

*pD. J. ~~ and J. A. Harvey, BNL 3 


¢ Burson, Jordan, and LeBlanc, Phys. ag "96, 1555 (1954). 
* Obtained from the Stable Isotopes Division, Oak Ridge, Tennessee. 


ES. A Double Flat Crystal Spectrometer for Neutron Cap- 
ture y-Ray Studies. J. W. KNowLes, Chalk River Laboratories. 
—In this spectrometer a 14-in. X2-in. diameter beam of well- 















































collimated y-rays produced by (n,y) reactions in the sample 
while positioned in the NRX reactor is Laue reflected from 
the 211 plane of a cleaved calcite crystal }-in. thick. The re- 
flected beam proceeds through a sollar slit and is energy 
analyzed by being Laue reflected from a second similar calcite 
crystal which is set in the anti-parallel position. This doubly 
reflected beam then traverses a further sollar slit and is de- 
tected by a Nal scintillator. In preliminary measurements, 
the y-rays have been observed from a sample of natural 
titanium metal, The peak to background ratio for the strong 
1.385-Mev y-ray of Ti® is 20 to 1. The measured reflectivity 
of a single calcite crystal has been measured and is 40% for 
1 Mev and 10% for 1.4-Mev y-rays. The full width at half 
maximum intensity of a diffracted y-ray is 2 sec of arc which 
corresponds to an energy resolution of 0.4% at 1 Mev. The 
measured reflectivity of the 211 plane of calcite as a function 
of energy together with the observed y-ray line width fits the 
diffraction theory of a mosaic crystal. 


E6. New Delayed Neutron Activity.* G. J. Pertow anp 
A. F. Srenney, Argonne National Laboratory..-A delayed 
neutron activity which has a half-life of 15.541 sec and fol- 
lows the chemistry of bromine has been found among fission 
products. It is attributed on the basis of period' to Br** and 
represents a case of neutron emission following the §-decay of 
an odd-odd precursor. The source was prepared by a gas flow 
system in which air and Bry carrier were passed rapidly 
through a solution of a fissionable substance undergoing ir- 
radiation at the thermal column of CP-5, and the activity was 
removed from the air stream by bubbling through CCl. 
Additional chemistry was done en route to insure the absence 
of active iodine. After the air flow was stopped, the decay of 
neutron activity contained in the CCl, was observed by a BF, 
long counter and was resolved into the known 54-sec period of 
Br*® and the 15.5-sec period reported here. Initial counting 
rates of 500 to 1000 cps were found suitable. When long col- 
lection times were used, the ratio of the counting rates of the 
two activities was N;,.5/Ns,=0.7. Arun with shorter collection 
time enhanced the short-lived activity to give Nis 56/No«=2. 

* Work performed under the auspices of the U. S. Atomic Energy Com- 


mission, 
1N. Sugarman, J. Chem. Phys. 17, 11 (1949), 


E7. Age of Polonium-Beryllium Neutrons in Various Metal- 
Water and Metal-Alcohol Lattices.* KALMAN SHURE AND 
MELVIN Reter, Westinghouse Electric Corporation._—The slow- 
ing down distribution of Po-Be neutrons to indium resonance 
and thermal energies has been measured for Al-H,O, Fe-H.O, 
Zr-H,O, and Al-furfuryl alcohol lattices with metal-to-liquid 
ratios of 2:1, 1:1, 1:2, and 0. 


* Supported in part by the U. S. Bureau of Ships 


E8. Calculation of the Age of Po-Be and Monoenergetic 
Neutron Sources.* Fretix OBENSHAINt AND Ropert L. 
HELLENS, Westinghouse Electric Corporation.—The second 
moment of the distribution of Po-Be neutrons for various 
metal-liquid ratios has been calculated from a solution of the 
neutron transport equation. In addition, the effect of changing 
the oxygen cross sections has been computed. Comparison will 
be made with experimental values at 2.3 and 14 Mev and 
values obtained by a Monte Carlo calculation. 


* Supported by the U. S. Atomic Energy Commission. 
t Now at the University of Pittsburgh. 


E9. Experimental Track Counter for Neutron Film Badges.* 
K. C. Spen anp G. W. Morton, Airborne Instruments Labora- 
tory, Inc.—An experimental device has been constructed to 
count proton tracks in NTA health badge emulsions. The 
problem is to distinguish very short (three-grain) tracks in the 
presence of a random grain background. To do this a television 
type scanner has been constructed, with optics which allow 
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resolution of individual grains comprising a track. A dark-field 
image of about 100 times magnification is focused on the face 
of the vidicon pick-up tibe. By use of fused quartz delay lines 
three consecutive scan lines are continuously compared. Video 
signals from images which occupy only the middle scan line 
path are passed to a screening circuit which eliminates those 
of insufficient duration or continuity. The output from the 
screening circuit thus corresponds to tracks whose direction 
in the image plane is within a few degrees of the direction of 
horizontal scan. Adjustable duration and continuity thresholds 
and provision of an interlaced field allow flexibility for investi- 
gating the optimum track identification criteria. Experimental 
data are given on the effective acceptance angle and depth of 
focus. Scanning rates are estimated for the health badge 
application, and other possible applications are suggested. 


* Work supported by U. S 
Biology and Medicine. 


Atomic Energy Commission, Division of 


E10. Automatic Recording Time-of-Flight Apparatus for 
Fission Fragments. J. S. FRASER AND J. C. D). Mitton, Chalk 
River Laboratories.—An apparatus has been built to measure 
both the velocities of a fission fragment pair. The zero time 
signal is obtained by focusing with an electrostatic einzel lens 
the 6 rays ejected when one of the fragments passes through 
a thin gold-coated VYNS foil mounted at 45° to the fragment 
direction. In traversing the lens the electrons are accelerated 
to 10 kv and impinge on a 0.015-in. thick plastic phosphor, 
NE 101, mounted on a RCA 6342 photomultiplier. At the end 
of the 177-cm flight path the fragments are detected by 4-in. 
diameter disks of the same phosphor and RCA 6342's. The 
flight times range from 100 to 250 mysec and are converted to 
voltage pulses by controlling the charging of a condenser by a 
6BN6 gated beam tube. The amplified voltage pulses are 
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recorded on a 100-channel analyzer whose memory is 5 
channel IBM tape. The system has been used as a three- 
dimensional analyzer by storing pulses representing the two 
flight times and one additional pulse (in this case that pro- 
duced by the fission gamma rays in a 4-in. X4-in. diameter 
Nal crystal) and analyzing them consecutively. The informa- 
tion is later transferred to IBM cards and is then in a con- 
venient form for analysis on IBM accounting equipment. The 
system has been used successfully with rates of 5 cpm. For 
appreciably higher rates consideration has been given to 
feeding the punched tape directly into a high-speed computer. 


Ell. Tables of Cylinder Activation and Solid Angles Sub- 
tended by Circular Apertures and Cylinders.* A. V. Masker,t 
University of North Carolina, aNbD R. L. MACKLIN AND H., W, 
Scumirt, Oak Ridge National Laboratory.-Extensive tables 
have been computed on the ORACLE at Oak Ridge National 
Laboratory to six significant figures for the following magni- 
tudes: (a) the solid angle subtended by a circular disk, (b) the 
solid angle subtended by the lateral surface of a right cireular 
cylinder, (c) the activation of a right circular cylinder by a 
point source. These quantities are of fundamental importance 
in all applications of end-window counters, cylindrical 
counters, and cylindrical radiation detectors. Details of the 
mathematical representation of the solid angle as a simple 
contour integral will be presented along with a discussion of 
errors, checking procedures, and ranges of variables, Each 
table contains 12 500 or more entries. The tables and a com- 
plete discussion will be available in report ORNL-2170. 

* Work performed under tha suspices of the U, S. Atomic 
mi ton 
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Oak Kidge National Laboratory (summer, 
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(M. H. Hee presiding) 


General Solid-State Physics 


EA1. Red Luminescence of CdS Crystals. H. SHENKER, 
U’. S. Naval Research Laboratory..-Waibel' has recently in- 
vestigated the red luminescence of CdS and has reported a 
sharp peak in the excitation spectrum in the vicinity of the 
absorption edge. The red luminescence (A>6500 A) of CdS 
crystals, excited by visible light, has now been further studied. 
The peak in the excitation spectrum occurs at about 5110 A 
for most crystals, the exact position varying from crystal to 
crystal due to variations in the relative luminescence efficiency 
of the surface and the bulk of the crystals. The peak is much 
sharper and occurs at somewhat shorter wavelengths than the 
corresponding peak in the photoconductivity curve. The in- 
tensity of the red luminescence is found to vary as the first 
power of the exciting light for highly conducting crystals and 
as the 1.5 to 2.0 power for photoconductive crystals. Highly 
insulating crystals show very little red luminescence. The 
application of infrared (>1.0 yw) sufficient to quench 95% of 
the photoconductivity is found to have no measurable effect 
upon either the intensity or the time constant of the red 


luminescence. 
1, Waibel, Ann 


Physik [6] 17, 389 (1956). 


EA2. Photoelectric Emission from F Centers in KI Single 
Crystals. H. R. Poitipr anp E. A. Tart, General Electric 


Research Laboratory.---xternal photoelectric emission from 
cleaved single crystals of KI containing F centers is compared 
to previous results on evaporated films.' The centers were 
formed by irradiation in the first fundamental absorption band 
of the salt. Yields due to direct ionization of 
about 10°° electrons/incident photon, only 10 times lower 
than for films. Exciton-induced emission shows a peak value 
5X10, about 4 times lower than for films. Except for these 
relatively small differences in yield, the results for crystals and 
films are alike. One estimates that the irradiation produced 
F-center densities in excess of 10'* cm near the single crystal 
surface. While the ratio exciton-induced to direct ionization is 
slightly higher in crystals than in films, the effective cross 
section for exciton-induced ionization is still <10~“ em?; thus, 
the photoemission provides direct evidence for energy transfer 
from excitons but not necessarily for migration. 


F centers are 


1L. Apker and I A. Taft, Phys. Rev. 79, 964 (1950) 

EA3. Transport of Copper in Silicon. C. J. GALLAGHER, 
General Electric Research Laboratory. The high temperature 
transport of copper in silicon has been measured using Cu, 
Planar geometry was used, with a constant source on one face 
and a gold alloy sink on the other. The product of the solu- 


bility and diffusion constant was found to be 1.210" 
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(cm/sec)™ at 1130°C. Fuller et al.’ give D=310~* cm?/sec 
at 900°C with very small temperature dependence, so that 
there are at least 210'7 cm~* copper atoms with the high 
diffusion coefficient. Thurmond and Struthers* give 5 10!7 
cm™* for the solubility at 1100°C, so that at least 40% of the 
copper must have this high diffusion coefficient. It has also 
been determined by application of an electric field that the 
transport of rapidly moving copper is enhanced along the field 
and retarded against the field. Comparison of experimental 
and theoretical values of the transport shows that the fast- 
moving copper carries a single positive charge. This is con- 
sistent with the idea that the rapidly diffusing copper is 
interstitial. 


4 + eal Struthers, Ditzenberger, and Wolfstirn, Phys. Rev, 93, 1182 


on 
"b, Thurmond and J. D. Struthers, J. Phys. Chem. 57, 831 (1953). 


EA4. Relativistic Kronig Penny Model.* R. D. Woons anp 
J. CALLaway, University of Miami.—A one-dimensional model 
of a crystal has been studied using the Dirac equation. The 
energy bands for a Kronig Penney potential and a delta func- 
tion potential have been found. The transcendental equation 
relating energy to wave number has the same form as in the 
nonrelativistic case. The difference is only in the dependence 
of the coefficient and arguments on energy, which is character- 
istic of the Dirac equation. In the usual limit of infinitesimal 
width and infinite height, the squar:-well potential gives a 
result different from the delta function case. In the limit of 
relativistic energies the square-well potential gives the free 
electron energy dependence, linear in wave numbers. The 
delta function potential in this limit, however, gives a periodic 
energy band structure with all bands the same width and all 
gaps the same width and with an energy dependence near the 
gaps quadratic in the wave number. As the strength of the 
delta function decreases the free electron energy dependence 
is obtained. 


* Supported by the Office of Naval Research. 


EAS. Elastic Constants of LiF from 4.2°K to 300°K by 
Ultrasonic Pulse Methods. C. V. Briscor* ann C. F. Squire, 
The Rice Institute—The values of the elastic constants of 
lithium fluoride at room temperature are: C,, = 10.9710", 
Cia = 4.40 K 10", and Cu =6.30 XK 10" d/cm*. These agree with 
those reported by Huntington and Bergmann provided the 
work of Huntington is corrected by using the proper value of 
2.601 g/cm’ for the density. At 4.2°K our new values are: 
Cy 12.3910", Cia=3.60K 10", and Cu 6.46 K 10" d/cm*. 
From these elastic constants we compute the compressibility 
at room temperature to be: K =1.518X10~" cm*/d (in good 
agreement with Slater's measurements). Using the values of 
the longitudinal and transverse wave velocities the Debye 
characteristic temperature is calculated to be: 0p =775°K at 
4.2°K (in fair agreement with Martin's value taken from 
specific heat work') and 0p =779°K at 300°K. On the other 
hand, the 0p vs T required to make a simple Debye theory fit 
the experiments of Clusius et al.* varies by a large amount 
between 20°K and 300°K. We can get a good fit to the specific 
heat experiments over a large range by using a combination 
of Debye theory for N/2 fluorine oscillators and an Einstein 
theory for the other N/2 lithium oscillators. This research 
was supported by the Robert Welch Foundation. 

* Magnolia Petroleum C omeeny Fellow in Physics. 


ip. Martin, Phil, Mag. 46, 751 (1955). 
'K, Ciusius eal, Z. Naturforsch 4A, 424 (1949), 


EA6. Anisotropic Anelasticity in @ Quartz.* Joun H. 
Wasitik, National Bureau of Standards (introduced by Martin 
Greenspan).—-An anisotropic relaxation peak has been ob- 


served in the internal friction of crystalline quartz. The height — 


of the loss peak increases by a factor of 2.1 between a sample 


stressed in the Y direction and one stressed in a direction 
—18.5° from the Y axis. The shape of the observed relaxation 
peaks can be fitted by simple relaxation theory using an acti- 
vation energy of 24 kcal/mole and a relaxation time of 
0.6 X10~ sec. A possible mechanism for the loss is the relaxa- 
tion of stress-induced preferred distribution of impurities 
similar to that observed by Snoek' in alpha iron. The possi- 
bility that this relaxation peak and one observed by Cook and 
Breckenridge? are due to lithium is discussed. 
* i ag ne in part by U. S. Office of Naval Research. 


Snoek, Physica 8, 711 and 734 (1941 
Phys. Rev, 92, 1419 (1953) 


17K. K, Cook and R. G. Breckenridge, 

EA7. Radiation Effect of Positive Ion Bombardment on 
Quartz and Vitreous Silica. R. L. Hines, Ford Motor Company. 
—Samples of quartz and vitreous silica have been bombarded 
by 30 to 50 kev A* and N;2* ions, and the nature of the bom- 
barded region has been investigated by measuring the reflec- 
tion coefficient as a function of the wavelength of the incident 
light from A =713 my to \=384 mu. The results are consistent 
with the picture of a layer ~0.1 » deep, whose depth is deter- 
mined by the incident ion type and energy, and with a refrac- 
tive index depending on the integrated ion flux. For quartz, 
the ordinary refractive index for \ = 384 my is decreased from 
the initial value of 1.559 to a saturation value of 1.497 by 10% 
ions/cm? (37-kev A* ions). Similar bombardment of vitreous 
silica increases its refractive index to a value close to the 
saturation value of bombarded quartz. Both A* and N3* ions 
produce the same changes in refractive index. Data on anneal- 
ing experiments will be presented and compared with the 
annealing of other radiation effects in quartz. The relative 
importance of displacements and displacement spikes in pro- 
ducing the changes in refractive index will be discussed. 


EA8. Viscosity of the Electron Gas in Metals. M. S. Srein- 
BERG, Stevens Institute of Technology.—Using an adaptation 
of the variational principle for the problem of electrical re- 
sistivity, the viscosity of the electron gas in normal metals is 
computed for a constant velocity gradient. The temperature 
dependence of the viscosity is found to be somewhat more 
complicated than that of the electrical resistivity. The effect 
of a magnetic field is calculated when a time of relaxation 
exists. The effects of sinusoidal velocity gradient and finite 
sample size are considered. Application to ultrasonic attenua- 
tion in normal metals at low temperatures is discussed 


EA9. Calculation of the Short-Range Correlation Energy 
in the Bohm-Pines Theory. J. G. FLercuer* anp D. C. 
Larson,* Princeton University.—The contribution to the one- 
electron energy in metals produced by the short-range correla- 
tions of electrons of antiparallel spin has been calculated ac- 
cording to the theory of Bohm and Pines! using second-order 
perturbation theory. The effect of this contribution on the 
density of states, x-ray band width, specific heat, and con- 
ductivity has been obtained. Comparison with experimental 
values will be made. 

* National Science Foundation Pre-Doctoral Fellows. 


1D. Pines in Solid State Physics (Academic Press, Inc., 
Vol. I. 


New York, 1956), 


EA10. Width and Shift of Spectral Lines Due to Dissipative 
Interactions. R. Brout, Cornell University.—Associated with 
a macroscopic state (say specified, e.g., by the populations of 
phonons of given k in a slightly anharmonic crystal) there is a 
lifetime I"! resulting from ‘‘collision’’ type or dissipative 
interactions. I’ is the width of the macroscopic state. It is 
large, of the order of Avogadro's number. If the crystal under- 
goes spontaneous emission losing, say phonon k and emitting 
a photon, there is a line width resulting from the collisions 
What is this width in terms of the macroscopic I? In the 
theory of natural width, one takes the sum of the widths of 
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the initial and final states. In the present situation, it is shown 
that one must take the mean difference, viz., (T'miyii ade 
— (I'n,; a)q, where a describes the condition of the rest of the 
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system. An interesting application is in single phonon hyper- 
elastic scattering of neutrons from crystals, as suggested by 
Van Hove. 


Invited Paper 


EA11. Band-to-Band Transitions in Alkali Halides. L. Arker, General Electric Company. (20 min.) 
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(B. Ross! presiding) 


“Strange Particles” 


Fl. Associated Production of Strange Particles by 1.1-Bev 
a Mesons in Propane Bubble Chamber.* J. L. Brown, D. 
A. GLASER, AND M. L. Peri, University of Michigan.—A 
momentum-analyzed beam of 1.1-Bev #~ mesons from the 
Brookhaven Cosmotron was used for a study of the associated 
production of strange particles. Approximately 30 000 pictures 
were taken with a 12-in. propane bubble chamber. Conclusions 
concerning angular correlations of decay, angular distribution 
of production, and lifetimes will be presented on the basis of 
approximately 120 events with free proton targets involving 
the associated production of strange particles. Of these hy- 
drogen events identified by means of kinematics, about two- 
thirds are of the type r” +p-+2~ +&*, and about one-third are 
of the type r~ + p-—+A°+ or > + p-—D°+, where the decays 
of both neutral V's are observed. 


* Work supported by the U.S. Atomic Energy Commission, 


F2. A° and 6° Production by 1.9 Bev x” Mesons in Carbon, 
Iron, and Lead.* T. Bowen, F. Cookson, G. TAGLIAFERRI, 
AND A. Wersrouck, Princeton University, AND W. H. Moore, 
Jr., Brookhaven National Laboratory.—The production of A® 
and @ particles is being studied by means of a large multiplate 
cloud chamber placed in the 1.9-Bev #~ beam of the Cosmo- 
tron. By substituting various plate assemblies containing 
one-half-inch thick carbon, iron, and lead plates, the de- 
pendence of the production cross sections on atomic number 
can be examined. Preliminary results based upon the scanning 
of ~20% of the photographs indicate that the probability of 
V° production per nuclear interaction remains approximately 
constant from carbon (A =12) to lead (A = 207) at ~0.006 7° 
per interaction. The numbers of events leading to production 
of a single V° and of associated V's are: (a) carbon, 9 single, 
3 associated; (b) iron, 17 single, 1 associated; (c) lead, 62 
single, 5 Further results of the scanning and 
analysis will be presented. 


associated. 


* Supported by the Joint Program of the Office of Naval Research and 
the U. S. Atomic Energy Commission 


F3. A® and 6° Production by 2.8-Bev Protons in Carbon, 
Iron, and Lead.* F. Cookson, T. Bowen, G. TAGLIAFERRI, 
AND A. WERBROUCK, Princeton University, anb W. H. Moore, 
Jr., Brookhaven National Laboratory.—As a further extension 
of the production of A® and @ particles in various nuclei, the 
same multiplate cloud chamber operated in the 1.9-Bev x 
beam! has been also placed in the 2.8-Bev “blown-up” proton 
beam of the Cosmotron. It is expected that the dependence of 
the production cross section upon atomic number will indicate 
whether V°'s mainly originate in the initial interaction of the 


proton or in the collisions of pion secondaries. Preliminary 
results of the production in iron indicate that the probability 
of V® production per nuclear interaction is ~0.001 V® per 
interaction, or of the order of 20% of the corresponding figure 
for 1.9 Bey #~ mesons. The implications of the results with 
regard to direct vs indirect production will be discussed. 

* Supported by the Joint Program of the Office of Naval Reerarch and 


the U.S. Atomic Energy Commission 
' Bowen, Cookson, Tagliaferri, and Werbrouck (preceding abstract) 


F4. Relative Production of Unstable Particles in Iron by 
Proton and =~ Mesons.* Hl. Buumenrecno, FE. Botor, H.S 
Bripce, D. O. CaLtpweit, ano Y. Pat, M.T., ann C. P. 
Leavitt, Brookhaven National Laboratory.-We have meas- 
ured the relative production of neutral V particles in iron 
using protons of mean kinetic energy 2.5 Bev and #~ mesons of 
1.8 Bev. The experimental arrangement was a multiplate cloud 
chamber operated in conjunction with the cosmotron, Pre: 
liminary. results are as follows. The V® production cross section 
for pions is a >0.34-0.1 millibarns per nucleon, and the ratio 
of the pion to proton production cross section is 34-1 where 
the errors are only statistical. Note that no correction has been 
made for unobserved decay events in the plates and that the 
absolute cross sections are therefore lower limits; also, in 
evaluating the cross section ratio, it was assumed that the 
detection probability for V® particles produced by pions was 
identical to that for V® particles produced by protons. 


* Supported in part by the joint program of the Office of Naval Kesearch 
and the U.S. Atomic Energy Commission, 


F5. Charged & Hyperons from 1001 A~ Meson Stars.* G. 
A. Snow,t W. F. Fry, J. Scuners,t M.S. Swami, anp D. C, 
Worn, University of Wisconsin. —Stacks of pellicles exposed in 
negative channels at the Bevatron were area scanned for stars 
produced by stopped K~ mesons, 1001 such stars were found. 
From these stars there emerged 319 charged w mesons, 46 
hyperfragments, and 158 charged hyperons as follows: 27 
Xt—+p decays from rest ; 20 2*-ew* decays from rest; 14 Z*-+p 
decays in flight; 26 2*-ew" decays in flight; 49 2~ stars from 
rest; and 22 2 zero prong stars with Auger electrons. The best 
single value for the Z* lifetime, as determined from all Z*-+p 
decays, is 0.98( 40.37, —0.21) K10~™ sec. For the Z~, a lifetime 
of about 2.3 10°” sec is found, with a lower limit of 1.3 
107" sec. However, the lifetime obtained from the Z*—ewr* 
decays in flight, is only 0.32(+-0.11, —0.07) K10°™ sec. For 86 
Z* decays, the angular distribution of 0z, was measured, 
where @y, is the angle between the decay m meson, in the Z cm 
system, and the initial direction of motion of the Z. The prob- 
ability that the observed angular distribution, after being 
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folded about 90°, comes from an isotropic distribution is 
about 10%. 

* Supported in part by the U.S. Atomic Energy Commission and by the 
Wisconsin Alumni Research Foundation 


t Permanent address: Naval Research Laboratory. 
t Now at Tufts University. 


F6. K~ Particle Captures on Protons in Nuclei.* R. S. 
Wuire, F. C. Gitwert, ann C. E. Vioitet, University of 
California, Livermore.-From 330 K~ particle captures at rest 
in nuclear emulsion, events have been selected for analysis in 
which the capture star consists of only two prongs, one of 
which is a » meson. A model for K~ capture on protons in 
nuclei will be presented to explain the observed angle and 
energy correlations. An analysis of the heavy prongs gives 
13.5 Z* and 10.5 or 7.5 Z~ hyperons depending upon the inter- 
pretation of the data. Including the 4 measured two-prong 
events of the Chicago group! the 2*/Z~ ratio is 15.5/12.5 or 
15.5/9.5. Z-hyperon energy distributions will be shown as 
evidence that Coulomb forces shift the 2~-hyperon energy 
spectrum down and the 2* spectrum up and that this shift 
suppresses the 2~-hyperon yield and accounts for the high 
y*/Z~ ratio. In Y~-hyperon captures the ratio of the number 
of events with zero or one prong to those with two or more 
prongs is 6/4 or 3/4. The nuclear proton momentum distribu- 
tion, the angular distribution of emission of the 2 hyperons in 
the center-of-mass system, and the meson energy distribution 
as determined from these events will be presented. 

* Work was performed under the auspices of the U. S, Atomic Energy 


Commission, 
‘1 Haskin, Bowen, Schein, Phys, Rev. 103, 1512 (1956), 


F7. Energy Dependence of the K*-Meson Interaction 
Cross Section.* 1). M. Ritson, D. Fourner Davis,t AND 
R. Scntutrer, Massachusetts Institute of Technology, A. 
Pevsner, Johns Hopkins University, M. Wincorr, Harvard 
University, AND V. Henri, Northeastern University.—Observa- 
tions have been made on three emulsion stacks: one exposed 
to a 250-Mev/c K*-meson beam at the Cosmotron, one to a 
400-Mev/c K* beam at the Bevatron, and the third to a 600- 
Mev/c K* beam at the PRevatron. Interactions with emulsion 
nuclei have been observed by following tracks showing the 
appropriate grain density for K* mesons of the beam mo- 
mentum. About 75 meters of K*-meson track have been 
followed, and the observed interactions are now being ana- 
lyzed. The nature of the interactions and the energy de- 
pendence of the interaction cross section will be discussed. 

* Assisted by the joint program of the Office of Naval Research and U.S. 
Atomic Energy Commission. 


1 Now an American Association of University Women Fellow at the 
University of Rochester, Rochester, New York. 


F8. Nuclear Interaction of High Energy K* Mesons.* B. 
Secu Zorn AND G, T. ZoRN, Brookhaven National Laboratory. 
—In a magnetically separated beam, realized at the Cosmo- 
tron, nuclear emulsions have been exposed to K* mesons at an 
incident energy of 213 Mev, and the nuclear interaction in 
photographic emulsions of K* particles in the energy interval 
between 210 and 130 Mev is now being studied. Thus far 32.4 
meters of K track in this energy interval has been followed, 
and 49 interactions resulting in a noticeable loss in K-particle 
energy or a presumed charge exchange have been observed. 
This corresponds to a mean free path of 6649 cm which is 
significantly smaller than the value for inelastic scattering of 
~100 em obtained in an energy interval of 40 to 160 Mev.! 
The decrease in mean free path with increasing K-particle 
energy is further confirmed through a division of our data in 
two energy intervals. The mean free path for the interval 
between 210 and 180 Mev is 57-11 cm compared with a value 
of 774-16 cm for the interval 180—130 Mev. More accurate 


values of the mean free path and details on the nuclear inter- 
action at these energies will be presented. 


* Work performed under the auspices of the U. S. Atomic Energy Com- 


mission. 
Goldhaber, Helmy, Iloff, Pevener, and 


!Lannuti, Chupp, Goldhaber 
Ritson, Phys. Rev. 101, 1617 (1956); N. Dallaporta, Sixth Annual Rochester 
April, 1956 


Conference on High Energy Nuclear Physics 


F9. Scattering of K, and « Mesons.* T. F. Hoana,t M. F. 
KAPLON, AND R. Cester,{ University of Rochester.—A sys- 
tematic study of the scattering of 1175 Ky, mesons and 242 
rand r’ mesons! has been made in the energy region of 20 to 
80 Mev using Bevatron K* Ilford G5 
emulsions. All scatters of K meson having a projected angle 
greater than 2° in the emulsion plane were analyzed. A scatter- 
ing is accepted as elastic if no energy loss can be detected on 
the basis of ionization and range. The same differential cross 
section of elastic scattering was observed for K,, and r mesons. 
An attempt was made to separate nuclear scattering from 
coulomb scattering by means of an energy-dependent cutoff. 
The elastic nuclear scatterings thus found gave a mean free 
path of 44(+6, —4) cm for the K, meson and 43(+12, —8) 
cm for the r meson; their angular distribution shows the 
characteristic features of a diffraction scattering. The ratio of 
(AE/E<10%) seatterings of Ky, and +r 
mesons was found to be ~1/11. 


mesons recorded in 


inelastic to elastic 


* Supported in part by U.S. Atomic Energy Commission and the Office of 
Scientific Research of the U.S. Air Force 

t On leave from Laboratoire Leprince-Ringuet, 
Paris. 

t Now at Istituto di Fisica, Turin, Italy 

1 Most of the scattering data for the r mesons were obtained from events 
found in connection with the systematic study of abundances done by the 
Richman group at Berkeley. The authors are most gratefui to Dr. R. W. 
Birge and Dr. M. Whitehead for the loan of their plates and scanning data. 


Ecole Polytechnique, 


F10. Mean Free Path and Mean Life of K~ Mesons.* 
J. Hornpostec, E. O. SaLant, AND G. T. ZorN, Brookhaven 
National Laboratory.—-In the experimental arrangement pre- 
viously described,' stripped emulsions were exposed to a beam 
of magnetically analyzed negative particles produced by 
Cosmotron protons. By track scanning, a total of 219 K 
mesons were found in 11 stacks. Except for A~ mesons at rest 
making a star, the masses of all interacting particles were 
determined by grain count and multiple scattering. 44 inter- 
actions caused by K~ mesons in flight, in the energy interval 
15—110 Mev, were identified. A mean free path of 20+3 cm 
is derived,? in agreement with our earlier value. The inter- 
actions include 2 K p scatterings, which give the K~ mass 
close to the rt mass, and 3 inelastic K~-nucleus scatterings. 
Charge exchange scatterings are <0.1 of all interactions in 
flight. Out of 276 K~ mesons, observed in 17 stacks, 7 decays 
in flight gave a K~ mean life of (1.140.4) X10~* sec. 

* Work performed under the auspices of the U.S. Atomic Energy Com- 
mission, 


1 J. Hornbostel and E. O. Salant, Phys. Rev. 102, 502 (1956 
7—D. M. Fournet and M. Widgoff, Phys. Rev. 102, 929 (1956), give 
A = 46.2 cm. 


Fll. Heavy Meson Lifetimes.* S. TayiLor, G. HARRIS, AND 
J. Orear, Columbia University.—Previous K-meson lifetime 
measurements at this laboratory' have been extended by the 
exposure of 2 additional nuclear emulsion stacks in the Beva- 
tron focused K* beam. The two exposure positions were 
separated by a distance corresponding to a proper time of 
flight for K mesons of 0.7 KX 10~* sec. Along-the-track scanning 
is employed to locate K endings, and all single secondaries 
with dip angle <46° and grain density >1.25 times minimum 
are followed. The number of K mesons found to date in the 
near stack and the far stack, and the ratios of these numbers, 
are as follows: Ky: 1557/656 = 2.37 40.11; 7: 93/38 =2.4+40.5; 
r’: 29/15 =1.940.6; Kus: 31/9 =3.441.3. The errors are the 
statistical standard deviations. The ratios are the same within 
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statistics, and hence the data is consistent with a hypothesis 
of a single lifetime for all K mesons. 
* Work supported by the Office of Naval Research, the U. S. Atomic 


Energy Commission, and the National Science Foundation. 
! Orear, Harris, and Taylor, Phys. Rev, 104, 1463 (1956). 


F12. Angular Distribution of Prongs of Stars Produced by 
3.0-Bev Protons.* GABRIEL -KANE, Manhattan College.—Stars 
produced by 3.0-Bev protons from the Brookhaven Cosmotron 
have been located by area scanning of a stack of Ilford G-5 
emulsions. Measurements on the projected angles of about five 
hundred stars will be reported. All types of tracks show a 
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marked asymmetry in the forward direction. This asymmetry 
is most pronounced for minimum and grey tracks. However, it 
is noteworthy even for black tracks. These results will be com- 
pared with those of other observers at 2.2 Bev,' 5.7 Bev,? and 
6.0 Bev. In addition, the theoretical basis for this distribution 
will be discussed. We wish to acknowledge the assistance of 
Dr. Edward O. Salant of Brookhaven in exposing this stack 
to the Cosmotron. 
* Assisted in part by Research Corporation, 
ane Leavitt, Shapiro, Swartz, and Widgoff, Phys. Rev. 92, 851 


? Cavanaugh, Haskin, and Schein, Phys. Rev, 100, 1263(A)(1955). 
*U. Haber-Schaim, Phys. Rev, 100, 1263(A) (1955). 





WEDNESDAY AFTERNOON AT 1:45 


Panel Room 


(J. H. VAN VLECK presiding) 


Magnetism II: Ferroelectricity 


FAI. Magnetic Susceptibility of a Sintered Rod of MnS.* 
Ropert Linpsayt anp J. J. BANewicz, Southern Methodist 
University.-The magzetic susceptibility of a sintered rod of 
the antiferromagnetic compound MnS has been measured at 
field strengths of 1075, 1530, and 1980 oersteds by a method 
elsewhere described.! The purity of the sample was determined 
to be better than 99% with respect to MnS. Irregularities were 
noted in the susceptibility in the Néel region between 180°K 
and 140°K which were considered to be outside the limit of 
experimental uncertainty. These irregularities are character- 
ized by a series of multiple peaks of small amplitude which 
appear at the same temperatures for all three field strengths. 
The sharpest change in over-all susceptibility still seems to 
occur in the vicinity of 154°K in agreement with the previous 
results on MnS.' It is suggested that these fine structure-like 
peaks represent a transition between short-range and long- 
range magnetic ordering and might be related to the growth of 
antiferromagnetic domains. Specific heat data on MnS have 
previously indicated the existence of a split peak at 139°K 
and 147°K.? 

* Assisted by a grant from the Research Corporation 

t Now at Trinity College. 

104, 318 (1956). 


1 J. J. Banewicz and R. Lindsay, Phys. Rev 
2C, T. Anderson, J. Am. Chem. Soc. 53, 476 (1931). 


FA2. On the Magnetic Annealing Effect in Cobalt-Substi- 
tuted Magnetite Single Crystals. Rk. F. Penoyer anv L. R. 
Bickrorpb, Jr., JBM Research Laboratory.—Two conclusions 
drawn' from previous work on magnetic annealing in iron- 
cobalt and zinc-iron-cobalt ferrites containing a large concen- 
tration of cobalt are: the. magnitude of the field-induced uni- 
axial anisotropy is independent of annealing field orientation, 
and the uniaxial preferred direction coincides with the direc- 
tion of the annealing field. We have studied the effects of 
magnetic annealing on the anisotropy of single crystals in the 
composition series Co,Fe;.,04, with x=0.01 and 0.04. The 
magnitude of induced uniaxial anisotropy in these crystals 
with low cobalt concentration is strongly dependent on the 
annealing field direction, and the uniaxial preferred direction 
does not usually coincide with this direction. The results ob- 
tained from (100), (110), and (111) plane torque curves are 
consistent with the relative magnitude and phase of the 
uniaxial anisotropy predicted by applying Néel's? atomic 
ordering model to a body-centered cubic lattice. Evidently, 
whatever is responsible for the field-induced anisotropy, 
whether it be precipitate or atomic interaction, has axes of 


uniqueness along body diagonals. Various hypothetical models 
will be discussed, together with observed time, temperature, 
and concentration effects. 


' Bozorth, Tilden, and Williams, Phys. Rev, 99, 1788 (1955). 
*L. Néel, J. phys. radium 15, 225 (1954), 


FA3. Polarized Beam Neutron Diffraction Spectrometer.* 
C. G. Suuii,t R. Natuans,f anp A. W. McReyno vps, 
Brookhaven National Laboratory.-A description will be given 
of one of the BNL neutron diffraction spectrometers which 
has been modified for use as a polarized beam spectrometer. 
By using a magnetized, ferromagnetic crystal of suitable 
scattering properties as a monochromator, a beam of high 
polarization value is available for further study. Crystals of 
Fe,O, have been used as polarizing monochromators and, when 
due allowance is made for internal depolarization (arising 
from incomplete magnetic saturation), the theoretical polariza- 
tion of 100% is accounted for within experimental error of 
1%. The magnetic scattering by crystals of iron and nickel has 
been studied and the magnetic scattering effects are found to 
be much enhanced over that found with unpolarized radiation, 
Other advantages of the polarized beam technique will be 
outlined. 

Atomike 


*Work performed under the auspices of the U. § Iinergy 


Commission, 
( At Massachusetts Institute of Technology. 
t At Pennsylvania State University. 


FA4. Polarization Neutron Studies on Antiferromagnetic 
Single Crystals.*—-R. Natuans, T. Risre,t G. SHIRANE, AND 
C. G. SHULL,{ Brookhaven National Laboratory.—The theory 
of neutron scattering by magnetic crystals as given by Halpern 
and Johnson predicts changes in the polarization state of the 
neutron beam upon scattering which depend upon the relative 
orientation of the neutron polarization vector and the crystal 
magnetic axis. This has been investigated experimentally using 
the polarized beam spectrometer described above with single 
crystals of CrgOy and a-FeO, in which reside unique anti- 
ferromagnetic axes. To establish the polarization of the 
scattered neutrons, the single transmission effect in a mag- 
netized block of iron was utilized. Studies were made on several 
different reflections in both crystals for a number of different 
temperatures both below and above the Néel point. Our results 
support the theoretical predictions and indicate directions for 
the moments in these crystals consistent with previous work. 
In addition to the above, a more detailed study of the in- 
tensity and polarization changes in the (100) and (111) 
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reflections in a-Fe,O, at room temperature on application of a 
magnetic field have also been carried out. 

*Work performed under the auspices of the U. S. Atomic Energy 
Commission. 

| On leave from JENER, Kjeller, Norway. 

At Massachusetts Institute of Technology. 

FAS. Magnetization of Nickel Ferrite-Chromite. T. R. 
McGuire and S. W. Greenwatp, U. S. Naval Ordnance 
Laboratory.—Thermal magnetization curves (77°K to 7.) of 
NiOCr,Fex: 0, yield Bohr magneton values per molecule 
estimated for 0°K which decrease linearly from 2.3 to 0.4.2 as 
t increases from 0 to 1. For t=1.5, the value is 0.63,%. The 
curves are generally the flat Néel type R except for t=1 which 
is type N with a compensation point. The compensation tem- 
perature varies with the heat treatment; it decreases from 
450°K to 310°K for specimens quenched in water from 1700°K 
and 900°K, respectively. In both cases the Curie temperature 
remained at 690°K but the moment (0°K) changed from 0.9 
to 0.448. Assuming that Ni remains on the B sites, one can 
describe the behavior in terms of antiparallel saturated lattices 
up to t=1. Deviations occurring at t=1.5 and 2 can be ex- 


plained by either an unsaturated lattice or by some angular’ 


spin arrangement. Substitution in t=1 of a small amount 
(0.25) of zinc for nickel yields the increase in the magnetization 
expected if the B lattice is dominant at low temperatures. It 
is not yet clear whether the A or B lattice has the greater 
moment for greater chromium content, nor has microwave 
resonance absorption been detected for these cases so far. 


FA6. Magnetization Processes in Single-Crystal Cobalt 
Ferrite with “Sticky” Walls. J. O. ArtrmMan,* Harvard Uni- 
versity, AND S. Foner,{ Lincoln Laboratory.--Magnetization 
measurements have been made on a single crystal cobalt 
ferrite sphere in uniform magnetizing fields using a vibrating 
sample magnetometer.’ M vs H was not identical along the 
easy directions (cube edges). In certain “easy” directions, the 
initial dM /dH, wy was small until a critical field 17, was reached, 
after which M jumped to saturation. At 293°K //, was about 
3 kilo-oersted ; at 77°K H, was greater than 6 kilo-oersted and 
large hysteresis effects were observed. In other directions px, 
could be large; however, saturation was not easily achieved 
because of high crystalline anisotropy. In contrast with the 
usual assumptions made for single-crystal low-field magnetiza- 
tion processes, many features observed here can be explained 
if we assume that certain domain walls are “sticky."’ These 
walls may be pinned by precipitates such as those observed in 
similar crystals.? The magnetization mechanism presented here 
does not require shape anisotropy as suggested previously.? 
These results have direct bearing on cobalt ferrite heat treat- 
ment in magnetic fields, torque reversal curves, magneto- 
striction,? multiple ferromagnetic resonances, and permanent 
magnets. 


* This work was supported by the U. S, Air Force under contract. 

t This work was sppee jointly by the Army, Navy, and Air Force 
under contract with M.I,T. 

1S. Foner, Rev, Sci. Instr, 27, 548 (1956). 

* Williams, Heidenreich, and Nesbitt, J. Appl. Phys. 27, 85 (1956); 
Bozorth, Tilden, and Williams, Phys. Rev. 99, 1788 (1955). 


FA7. Anomalous Behavior of the Uniform Precessional 
Ferrimagnetic Resonance Mode. I. H. Sot, JR., anv R. L. 
Wuitr, Hughes Research Laboratories.—It has been shown! 
that in a ferrimagnetic resonance experiment in which the 
sample has been placed in a nonuniform rf magnetic field, one 
can excite numerous precessional modes which correspond to 
different spatial distributions of the rf magnetization. The 
uniform mode is the one usually considered in the literature. 
It can be distinguished experimentally from the more compli- 
cated modes because (a) the intensity of its absorption de- 
creases much less rapidly with diminishing sphere size than 
for the higher modes and (b) it is maximally excited at a 
position of uniform rf magnetic field. We have observed, how- 
ever, that as sample size is decreased not one but several lines 


possessing the characteristics of the uniform mode remain. The 
relative intensities of these lines are strong functions of both 
temperature and frequency. They have different anisotropy 
constants and their separation decreases with sphere radius. 
Data will be presented for experiments on spherical single 
crystals of Mn-Zn ferrites performed in the microwave fre- 
quency range of 8000 to 12 000 Mcps. 

1R. L, White and I. H. Solt, Jr., Phys. Rev, 104, 56 (1956). J. E. Mercer 


eau and R. P. Feynman, Phys. Rev. 104, 63 (1956). L. R. Walker, Phys. 
Rev. (to be published). 


FA8. Effective Cubic Magnetic Anisotropy in Ferromag- 
netic Resonance. R. L. Wuire anp |. H. Sort, Jr., Hughes 
Research Laboratories.—The existence of magnetic anisotropy 
causes the magnetic field required for ferromagnetic resonance 
at fixed frequency to be a function of crystal orientation, for 
single crystal samples. The precise form and amplitude of the 
excursion of resonant field can be interpreted to yield the 
magnetic anisotropy constants of the material. For the uni- 
form precessional mode these constants are the same as the 
static anisotropy constants. For the higher modes of resonance, 
the zonal distribution of precessional phase yields, through 
simple dipole-dipole coupling, an additional magnetic ani- 
sotropy of first order magnitude. The calculation of this energy 
will be described and data on the experimentally determined 
anisotropies presented. 


FA9. Ferrimagnetic Resonance in Yttrium Iron Garnet at 
Liquid Helium Temperatures. J. F. Ditton, JRr., Bell Tele- 
phone Laboratories.—Ferrimagnetic resonance experiments 
have been performed on single-crystal spheres of yttrium iron 
garnet! (Y;Fe:(FeO,);) at 24.000 mc. Preliminary results in 
the temperature range up to the Curie point have been re- 
ported briefly. Further and more complete results at tempera- 
tures below 5°K will be given in this paper. There is a peak in 
the line width vs temperature curve between 20° and 65°K. 
At 4.2° the line width measured with the steady field along 
[100] is 15 oe, as compared with 30 oe at 295°, 400 oe at 
65°K. At liquid helium temperatures the crystal is apparently 
cubic. There is a strong anisotropy in line width. Except for 
the case of the field along [100], the line width varies strongly 
with temperature in this temperature region. A large magneto- 
crystalline anisotropy is indicated by the variation in field for 
resonance with direction. This over 3000 oe. The 
maxima and minima in this field indicate that terms of higher 
order than the K, and K, terms used hitherto will be necessary 
for the description of the anisotropy energy surface. Thus, at 
4.2°K [100], [110], and [111] are all hard directions, and the 
easy directions are exactly or close to [112], [221], and [123]. 


ranges 


1 Grown by J. W. Nielsen at the Bell Telephone Laboratories 
J. F. Dillon, Jr. (to be published). 


FA10. Ferromagnetic Resonance on Truncated Spheres of 
Single Crystals of Manganese Ferrite. S. GescHWIND AND 
A. M. CLocston, Bell Telephone Laboratories, Incorporated. 
Ferromagnetic resonance at 24000 Mc has been done on 
truncated spheres of single-crystal manganese ferrite. Flats 
parallel to the 110 plane were ground on the sphere and reso- 
nance line widths observed with the dc field parallel to the 
three principal crystalline directions. The purpose of these 
flats was to introduce large dc field inhomogeneities in the 
sample (of the order of the saturation magnetization) to see 
what effect this would have upon the line width. The flats 
ranged from a slight perturbation to where nothing but a polar 
cap was left. The results are that the different line width in 
the three principal crystalline directions remained unchanged. 
Thus, although different parts of the sample see different dc 
fields, they do not oscillate at different frequencies, but are 
instead coupled by long-range dipole forces and oscillate in 
some ferromagnetic resonance eigenmode of the truncated 
sphere. The further the flat was ground the lower was the 

















SESSIONS 


field required for resonance, as expected. In addition, higher 

eigenmodes of ferromagnetic resonance of the sample, analo- 

gous to those of ellipsoids,!~* were excited. This suggests an 

increased density of the long wavelength modes as well as 

increased coupling of the rf magnetic field to these modes. 
1R, L, White and I, H. Soit, Jr., Phys. Rev, 104, 56 (1956), 


J. F. Dillon, Jr., Bull. Am. Phys. Soc. Ser, I1, 1, 125 (1956). 
+L. R. Walker, Bull. Am. Phys. Soc. Ser. I[, 1, 125 (1956 


FA11. Langevin Equation and the H Theorem. ArMAND 
SIEGEL, Boston University.—The Langevin equation, a+ ya 
=a(t), where 7 is a constant and a(t) is the derivative of the 
Wiener random function, gives probability distributions for 
a(t) that are symmetrical in time.! Nonetheless, the sample 
functions show an exponential decay if the initial value of a 
is fixed. The set of curves a(t) is ergodic; this follows from the 
ergodicity of the Wiener function.? Physically this means that 
its probability distributions could be duplicated by a set con- 
sisting only of a single suitably constructed infinite curve and 
all those curves obtainable from it by time displacement (all 
values of time displacement being equally weighted). From 
the time symmetry of the distributions one can infer that there 
is no difference between the essential structure of this curve 
and that obtained from it by reversing the time. Almost all of 
the curves of the set are H curves,’ reconciling time reversi- 
bility with the overwhelming tendency of systems to approach 
equilibrium. These remarks lend themselves readily to graph- 
ical demonstration. 

'Wang and Uhlenbeck, Revs. Modern Phys. 17, 323 (1945). 

? Paley and Wiener, Fourier Transforms in the Complex Domain (New 


York, 1934). 
*P. and T. Ehrenfest, Enzykl, d. Math, Wiss. Leipzig Vol. IV (2). 


FA12. Single-Crystal Neutron Diffraction Refinement of 
the Tetragonal BaTiO, Structure.* H. R. Danner, B. C. 
FRAZER,t AND R. Pertinsky,{ Brookhaven National Labora- 
tory.—The previously reported values! for the parameters of 
tetragonal BaTiO; were deduced from single-crystal neutron 
data in which a monochromatic neutron beam of 1.063 A 
limited the observations to Bragg peaks with a maximum 
index of 6. Subsequent measurements utilizing neutron wave- 
lengths of 0.91 A and 0.73 A have extended the (401) observa- 
tions to an index of 10. In addition, partial (Al) data has been 
collected from a second rectangular sample in which the cubic 
[110] axis was the rotation axis. Here again, unidirectional 
domain allignment was maintained by the application of an 
external electric field. A least-squares analysis of the extended 
(AOL) data has shown that, although the positional parameters 
were nearly correct, the temperature factors were too small. 
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The results of this analysis give the coordinate parameters as 
6z7, =0.013, 520; = —0.023, 5214, = —0.014, and the crystal 
temperature factor as B =0.44, 

* Under the auspices of the U. S. Atomic Energy Commission, 

t Now a guest at Brookhaven from the Westinghouse Research Lab- 
oratories. 


t Permanently at the Pennsylvania State University. 
! Frazer, Danner, and Pepinsky, Phys. Kev, 100, 745 (1955). 


FA13. Neutron Diffraction Study of BaTiO, near the Curie 
Temperature.* G. Suirane, H. DANNER, AND R. Prrinsky,ft 
Brookhaven National Laboratory.—A structural study of ferro- 
electric BaTiO, through its Curie point at 120°C was carried 
out by neutron diffraction technique. The (h01) reflections 
were obtained from pillar shaped crystals which were main- 
tained as single domains by the application of a strong de 
field. The atomic shifts along the polar axis in the tetragonal 
phase were studied as a function of temperature and they were 
found to be linearly proportional to the spontaneous polariza- 
tion. The behavior of the crystal through the Curie tempera- 
ture will be discussed. 


* Under the auspices of the U.S. Atomic Energy Commission 
t Permanently at the Pennsylvania State University. 


FA14. Electrical Conductivity of BaTiO, Single Crystals.* 
P. H. FAN, -conal Bureau of Standards.--The determina- 
tion of the electrical de conductivity of BaTiO, is afiected by 
two parameters: (1) the nonuniformity of the field distribution 
in the crystal, especially near the surface, and (2) the very 
large time of relaxation for reaching the equilibrium state 
after the application of a de field. The measured current shows 
initially a steady value, decreases to a minimum value, then 
increases and reaches an equilibrium state with @ time of 
order 108 to 10® sec. The final current is several orders of 
magnitudes higher than the value at the minimum, The 
initial steady state is due to the dielectric absorption from 
the nonuniform field distribution in the crystal. This phe 
nomenon can be augmented by using a nonsymmetrical elec 
trode arrangement and creating a stronger field on one side of 
the surface, which influences the formation of electrode layers 
by the dielectric medium. The change of the conduction cur- 
rent can be caused either by the diffusion of foreign ions from 
the electrode materials or the self-diffusion through the electro- 
lytic effect of the medium, The repeatability of the experiment 
over a long period of time indicates that the migration of the 
foreign ion is negligible. The self-diffusion of Ba in BaTiO, 
provides a relaxation time of right order of magnitudes 


* Research supported by the U.S. Atomic Energy Commission 
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Radioactive Nuclei 


G1. Radioactive Breakup of the HT Molecule. Arruur H. 
SNELL, FRANCES PLEASONTON, AND HoweLt E. Lemine,* 
Oak Ridge National Laboratory.—The molecular fragments 
produced by the beta decay of HT have been subjected to 
magnetic analysis, and the following ions have been observed 
with the intensities indicated : 


(He*H)* 93.3% 
(He#*)* 5.1 
H* 1.5 
(He?) ** 0.14 





Dissociation with electron shake-off occurs in fewer than 1.6% 
of the decays. The relative intensities of (He*)* and H* are 
reversed from what one would expect on the basis of their 
ionization potentials, 


*Summer collaborator from Chemistry Department, University of 


Arkansas. 


G2. Decay of K".* N. Benczer-Koivter, A. Scuwarzs- 
CHILD, AND C. S. Wu, Columbia Unwersity.-The decay of K® 
has been reinvestigated in an attempt to clarify the dis- 
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crepancies existing in the energy levels of Ca*.'-* The ex- 
ternal conversion spectrum showed lines corresponding to the 
following 7 energies : 0.371 +0.002, 0.388 +0.002, 0.394 +0.002, 
0.591 +0.003, 0.6144-0.004 Mev. The second and third and 
fourth and fifth lines had not been resolved by Lindquist and 
Mitchell.! This may explain the disagreement between their 
conclusions and those of Braams et al.* In the scintillation 
spectrum the following y rays were observed: 0.220+0.005, 
0.375 +-0.005, 0.615 40.005, 1.005+0.010 Mev. The relative 
intensities of all these 7 rays are : 0.220 Mev (<5),0.371(100), 
0.388(14), 0.394(16), 0.591(23), 0.614(91), 1.005(3.5). B-y 
and 7-8 coincidence measurements establish that the gamma 
transitions to the ground state are the 0.371-Mev and the 
0.591-Mev y rays, and not the 0.614 Mev.' These results and 
the 7-7 coincidence measurements indicate only one possible 
level scheme in Ca: 0, 0.371, 0.591, 0.985, 1.373 Mev. These 
energy levels as well as their possible spin and parity assign- 
poy are in very good agreement with the results of Braams 
al, 
pd work was partially supported by tive U. S. Atomic Energy Com 
! T. Lindquist and A. C, G, Mitchell, Phys. Rev. 95, 444 (1954). 


oe h Lndgutet and A. C, G, Mitchell, Phys. Rev. 95, 1635 (1954). 
. M. Braams, Ph.D. thesis (1956). 


G3. Gamma-Radiation from Mn". C. Suarp Cook AND 
F. M. Tomnovec, U.S. Naval Radiological Defense Laboratory. 

~The gamma-radiation from Mn“ has been measured using a 
4-in. diam, 4-in, high cylindrical Nal (Tl) crystal and a 20- 
channel pulse-height analyzer operated to record information 
over 100 channels. Based on an intensity of 1.00 for the 0.845- 
Mev gamma ray, the following intensities are observed: 1.81 
pea 0.29; 2.13 Mev, 0.15; 2.65 Mev, 0.018; and 2.98 Mev, 
).004. 


G4. Decay of Br“, Noan R. Jounson anv G. D. O' KELLEY, 
Oak Ridge National Laboratory.Fhe radiations from the 
decay of 31.8-min Br™ have been examined with single crystal 
and coincidence scintillation spectrometers. Using a 3-in. X3- 
in. Nal crystal spectrometer the decay showed gamma-rays 
of 0.8794-0.007, 1.02, 1.23, 1.51, 1.71, 1.92, 2.22, 2.50, 3.03, 
3.29, and 3.93+0.04 Mev, together with as yet unresolved 
low-energy gamma-ray components. The maximum beta-ray 
end-point energy measured with an anthracene crystal spec- 
trometer was 4.76 Mev. This group is not in prompt coinci- 
dence with any of the gamma rays and is therefore believed to 
be the transition to the ground state of Kr. Beta-gamma coin- 
cidence measurements indicated other beta-ray components of 
0.83, 1.39, 1.81, 2.84, and 3.83 Mev. The gamma-ray spectra 
in coincidence with the 0.879-, 1.92-, 2.50-, and 3.93-Mev 
gamma rays were also measured. Twenty-five percent of the 
Br™ beta decays go to the ground state of Kr“. A decay scheme 
compatible with these data will be discussed. 


GS. Decay Chain Mo'®'-Tc'", G. D. O'Ketiey, Q. V. 
Larson, AND G. E. Boyp, Oak Ridge National Laboratory.— 
The decays of 14.0+0.1-minute Tc and its parent, 14.61 
+:0.07-minute Mo"'!, have been studied by scintillation 
methods. Sources of Mo"! were measured shortly after chemi- 
cal purification from the Tc daughter. Gamma rays having 
energies of 0.0833, 0.193, 0.403, 0.515, 0.585, 0.707, 0.896, 
1.02, 1.19, 1.54, 1.68, and 2.08 Mev were determined. The 
maximum energy beta-ray group was 2.23+0.04 Mev. 
Sources of the Tc daughter were chemically isolated from the 
Mo™ parent and rapidly examined. In the single crystal 
experiments, gamma-rays of 0.130, 0.186, 0.235, 0.307, 0.410, 
0.545, 0.635, 0.720, 0.846, and 0.939 Mev were detected, and 
their relative intensities measured. Gamma-gamma coinci- 
dence spectrometry was employed to formulate a decay scheme 
with levels in Ru™ at 0.130, 0.307, 0.316, 0.410, 0.545, 0.635, 
0.720, 0.846, and 0.939 Mev. The most energetic and intense 
beta-ray group was determined as 1.32+0.03 Mev and was in 





coincidence with the 307-kevy gamma ray; a second 1.07 
+0.05-Mev group was coincident with the 545-kev gamma ray. 
Rapid chemistry showed no isomeric Tc with a half-life 
exceeding 5 seconds. 


G6. K-Capture-Positron Ratios for First-Forbidden Trans- 
itions: Sb'*, Rb*‘, I'°, As’*.* M. WoLrsBerG, J. WELKER, 
AND M. L. PertMan.—The general theory of branching ratios, 
K capture to positron emission, is discussed. The effects of 
various corrections, especially screening corrections, are 
studied. New experimental data for a first-forbidden transi- 
tion with spin change two in Sb’ are presented. Comparison 
between theory and experiment is made for allowed transitions 
and for first-forbidden transitions with spin change two and 
zero. The results are used to make deductions about the beta 
decay interactions and the relative magnitudes of nuclear 
matrix elements. 


* Research carried out under the auspices of the U. S. Atomic Energy 


Commission, 


G7. Decay of Ce-Pr'*4.* R. L. Hickox,t W. A. McKINLEy, 
AND S. C. Futtz,{ Rensselaer Polytechnic Institute.—The beta 
and gamma spectra from the decay of Ce-Pr' has been in- 
vestigated by means of a magnetic lens spectrometer and a 
single-channel scintillation spectrometer. Three partial beta 
spectra with end-point energies and relative intensities of 
184 kev (30%), 245 kev (10%), and 320 kev (60%) were ob- 
served for Ce™, Internal conversion lines corresponding to 
gamma rays having energies of 54, 80, and 134 kev were also 
detected. Internal conversion coefficients indicate an M1 
multipolarity for the 80-kev and 134-kev transitions and either 
an M2 or E3 for the 54-kev transition. Pr yields three partial 
beta spectra with end-point energies and relative intensities 
of 0.90 Mev (2%), 2.45 Mev (3%), and 3.15 Mev (95%). Cor- 
responding gamma rays were also detected. The proposed 
decay scheme has been substantiated by beta-gamma and 
gamma-gamma coincidence measurements. Tentative assign- 
ment of spin and parity for the state of Pr will be presented. 

* Supported in part by a grant from the Research Corporation. 


Now at Yale University. 
Now at University of California, Livermore 


G8. X-Rays Associated with Samarium-145, G. W. CALLEN- 
DINE, Jr., W. E. Carey, AND M. L. Poot, The Ohio State 
University.—Samarium oxide enriched to 85.72% in isotope 
of mass number 144 was irradiated in the LITR reactor for a 
period of 63 days. Cauchois spectrographic measurements 
taken four months after irradiation reveal lines with energies 
of 38.62 kev, 38.15 kev, 43.60 kev, 45.00 kev, and 61.3 kev. 
The first four of these lines are attributed to the Ka, Kaz, 
Kp,, and Kg; x-rays associated with promethium. The 61.3- 
kev line is a gamma ray associated with the decay. Gamma 
scintillation spectrometer studies show 38 kev and 62-kev 
photoelectron peaks consistent with the Cauchois studies. 
These two peaks are in coincidence with each other. No other 
gamma rays of higher energy can be associated with the 
samarium-145 isotope. Half-life measurements by gamma 
spectrometer and Geiger counter show that both the x-rays 
and the gamma-ray decay at the same rate. No beta particles, 
positrons, or alpha particles could be detected. A decay scheme 
for the one year activity of samarium-145 is proposed. 


G9. Radiations from W'** and W'*’.* V. S. Dusey,f C. 
MANDEVILLE, A. Mukeryji,t AND V. R. grr tect bad 
Research Foundation.—The radiations of W'** and W'*’ have 
been examined in a thin-lens spectometer and with coincident 
scintillation spectrometers. W'** has been found to emit no 
gamma rays. Its beta spectrum terminates at 435+5 kev and 
has an allowed shape. The complex beta spectrum of W'*’ has 
been resolved into three components of maximum energies 
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1320420 kev (log ft=7.9), 620410 kev (log ft=6.4), and 
330420 kev (log ft=6.5). A Fermi-Kurie plot of the most 
energetic spectrum showed it to have the unique first forbidden 
shape (AJ =2; yes!). Internal conversion lines and photo- 
electric conversion lines in lead and gold indicated the pre- 
sence of gamma rays from W'*’ at quantum energies of 73 kev, 
108 kev, 136 kev, 208 kev, 224 kev, 243 kev, 485 kev, 512 kev, 
621 kev, 627 kev, 688 kev, 777 kev, and 866 kev. 

* Assisted by the joint program of the Office of Naval Research and the 
U.S. Atomic Energy Commission. 

¢t On leave of absence trom Agra College, Agra, India. 

$ On leave of absence from the Tata Institute of Fundamental Research, 


Bombay, India. 
Permanent address, Gwalior (M.B.), India. 


G10. Decay Scheme of Os'*™ (10 min). G. ScCHARFF- 
GOLDHABER, D. E. ALpurGeR, G. HarBoTTLeE, AND M. Mc- 
Krown, Brookhaven National Laboratory.*—Although the de- 
cay-scheme of the even-even isomer Os!” has some similarity 
with that of Hf'®™, it differs from the latter in that Os!” 
lies in the transition region between the rotational and the 
near-harmonic level schemes. Its decay via 4 successive y rays 
as established previously! was confirmed. Internal conversion 
electron studies by means of an intermediate image spectro- 
graph yielded y-ray energies of 18741 kev, 35942 kev, 500 
+3 kev, and 61443 kev. It may be inferred from Coulomb 
excitation work? that the 187-kev transition leads to the ground 
state, but the sequence of the 3 other gamma rays is not yet 
known. The K conversion coefficients and K/L ratios meas- 


G AND GA 25 
ured indicate four successive E2 transitions. The lifetime 
determining isomeric transition has not yet been found. 

* Under the auspices of the U.S. Atomic Energy Commission. 


' Aten, Feyfer, Sterk, and Wapstra, Physica 21, 740, 990 (1955), 
IN. P. Heydenburg and G. M. Temmer, Phys. Rev, 93, 906 (1954). 


G11. Gamma-Electron and Electron-Gamma Angular Cor- 
relation Measurements in Pt'**.* J. V. Kane, Brookhaven 
National Laboratory, AND S. FRANKEL, L/niversity of Pennsyl- 
vania.—Gamma-electron and electron-gamma measurements 
have been obtained for the 24, (334.0), 24, (356.5) 04 
cascade to the ground state in Pt'*, using a twin-lens electron 
and an Nal(TI) scintillation detector. The 
values of Az and A, obtained after correction for the solid 


spectrometer 


angles of the counter and spectrometer are (y~-ex™) Aa 
+0.05540.015 and A, 0.01340.015, and (ex ¥) 
As=—0.04840.013 and A,y= —0.01640.014. The results 


obtained for A» are consistent with the earlier y-y measure- 
ments of Steffen’? as regards the E2/M]1 mixture of the upper 
transition but are both lower than the expected values by 
a wipe-out factor Gz~0.4. The G fac‘ or is attributed to electron 
scattering in the source. No significance is claimed for the 
A, terms. These results do not show evidence for admixture 
due to electric monopole internal conversion’ in the upper 
transition. 

a. at his work was supported in part by the Office of Ordnance Research, 

TR AM Kieffen, Phys. Rev. 89, 665 (19535). 


i 
*M. T. Thieme and E. Bleuler, Phys. Rev. 101, 1031 (1956). 
*k. L. Church and J. Weneser, Phys. Rev, 103, 1035 (1956), 
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Theoretical Physics, II: Nuclear Theory 


GAI. Influence of Various Potential Parameters on Nuclear 
Energy Levels.*t A. E. S. Green, Florida State University. 
A program has been devised for the ORNL Oracle which 
yields precise neutron and proton eigenvalues for spherical 
potentials with a range of possible (a) surface shapes, (b) 
radii, (c) well depths, (d) velocity dependences, (e) spin 
orbit couplings, (f) proton anomalies, and (g) charge numbers 
In the design and application of the program, consideration 
has been given to previous experience with analytical solu- 
tions. This experience indicates, among other things, that self- 
consistent nuclear potentials are expected to depart signi- 
ficantly from any family of potentials whose parameters 
depend simply upon the mass number. Accordingly it appears 
desirable to investigate carefully the influences of variations 
of the various parameters upon nuclear energy level structures 
Analytical convenience and speed of computation have 
governed the choice of potentials used thus far for general 
studies of static and velocity-dependent potentials. 

* This work was begun at the Oak Ridge National Laboratory during 
the summer of 1956 with the aid of Dr, H. C. Griffith of the Mathematica 
Panel and is being continued with the aid of Dr. T. W. Hildebrandt and 


the ORINS ORACLE Applications Program. 


t Supported by grant from the U. S, Atomic Energy Commission, 


GA2. Interaction of a Nucleon with the Nucleus. Ericn 
Vocr AND HuGH McManus, Atomic Energy of Canada Ltd. 
The physical basis for the use of the shell model in the nucleon- 
nucleus interaction has been investigated. A state of the whole 
nucleus is constructed consisting of a product of a target 
nucleus state and a wave function for the incident nucleon. 








The wave function of the incident nucleon is the usua! type 
of single particle state. The target state contains correlations 
in position between the target nucleons and the incident 
nucleon.’ The product of these states solves, approximately, 
the Schrodinger equation for the whole nucleus. The best 
approximation is obtained by minimizing the second moment, 
Mp», of the strength function’ corresponding to the product 
state. It is shown that a reasonably small M;, is obtained only 
when the Pauli Principle is used in antisymmetrizing the 
target state and when there exist strong correlations (polariza- 
tion) of the positions of the target nucleons to the incident 
nucleon. A simple approximate method for calculating M, is 
given. The exact minimum value of Mz depends on the de- 
tailed shape of the two nucleon potential. Even with repulsive 
cores in the two nucleon potential M, is reasonably small, 
Detailed results for a variety of potentials are obtained. 


' Erich Vogt, Phys, Rev, 101, 1792 (1956), 


GA3. A Study of the Solutions to the Hartree-Fock Equa- 
tions for the Nucleus. J. Avi_es anv R. Jasrrow, U.S. Naval 
Research Laboratory.—The Hartree-Fock equations for the 
ground state of the Het nucleus have been investigated 
numerically by an iterative (self-consiste*) procedure. It is 
found that the result of the iteration is affected by the choice 
of starting trial function. Two nodeless solutions are found: 
(a) a bound state whose radius is slightly larger than the range 
of the two-body nuclear forces; (b) a state of virtual binding 
whose radius is substantially greater than the range of forces. 
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Assuming a Yukawa attraction for the nucleon-nucleon po- 
tential, the energy of the bound state is 10 Mev, to be com- 
pared with 55 Mev obtained by Irving in a calculation with 
the same nuclear forces but with correlations included in the 
trial function. 


GA4. Many-Body Problem with Strong Forces. R. J. 
Dracuman, J. B. Avites, AND R. Jastrrow, U. S. Naval 
Research Laboratory.—A trial solution constructed from two- 
body functions of arbitrary form is applied to a variational 
treatment of the many-body problem with strong interactions. 
The two-body function is found to satisfy a simple wave equa- 
tion, which describes the motion of two particles in a field 
consisting of the actual two-body potential plus an effective 
potential resulting from collisions with other particles. The 
effective potential has a finite range, of the order of the mean 
particle spacing in the system. The wave equation is a non- 
linear integro-differential equation, whose solutions are easily 
found for the case of the hard sphere Bose gas at low densities. 
For this gas we find the following expansion of the zero-point 
energy (7°) in terms of particle density (p) and hard sphere 
radius (a): 


T= ® gnapl +61(pa*)!+c2(pa*) +--+], 
2m 


with c.~5, c2~9. Similar calculations are in progress for the 
gas of hard sphere fermions. 


GAS. Hard Core Nucleon-Nucleon Interaction with Morse- 
type Potential. EuGene Gutn, Oak Ridge National Laboratory. 

The proton-neutron interaction in the singlet state has been 
in the past approximated by a nonanalytic function (e.g., an 
exponential which was cut off at a certain radius where the 
potential was assumed to become infinitely steep) (e.g., 
Jastrow). In the present work analytic functions of the Morse- 
type are used instead, permitting a solution in terms of known 
functions for l=0. For higher angular momenta, approxi- 
mations of the type used in the theory of molecular structure 
might be employed in certain cases. The early (1936-1937) 
work by Morse, Schiff, and Fisk assumed the whole (central) 
interaction between proton and neutron to be of the form of a 
Morse potential which is not the case according to our present 
knowledge. Various applications and implications of our 
approximations of a hard core by analytic potentials will be 
given and discussed in some detail. 


GA6. Time-Dependent Hartree-Fock Theory of Nuclear 
Collective Oscillations. Ricuarp A. FrerRReLL, University of 
Maryland.—A method recently applied to the collective oscil- 
lations of an electron plasma! can aiso be successfully employed 
in giving a description to nuclear collective oscillations which 
does not involve introducing extra variables and subsidiary 
conditions. This time-dependent self-consistent field method 
yields a value for the frequency of the breathing mode of 
oscillation of O"* which is believed to be more accurate than a 
previous estimate,? but which reduces to the latter in certain 
cases. By neglecting exchange effects it is also possible to 
show that the new estimate reduces to the frequency derived 
from the simple classical theory of a compressible fluid. In the 
actual case of O'* exchange effects are important and the 
quantum frequency is significantly smaller than the classical 
frequency, according to preliminary numerical estimates. The 
rate of de-excitation of the breathing mode by pair emission 
can also be obtained from the time-dependent theory. 


1 Pp, S. Zyrianov and V, M. Eleonskii, J. Exptl. Theoret. Phys. U.S.S.R. 


30, 592 (1956), 
*R. A, Ferrell and W. M, Visscher, Phys. Rev, 102, 450 (1956). 


GA7. Theory of O: First Excited State Lifetime and 
Ground State Quadrupole Moment.* S. FALLieRos AND R. A. 
FERRELL, University of Maryland.—The (2.5+1.0) X10~” sec 
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lifetime of the C*’ first excited state was measured by Thirion 
and Telegdi' and attributed to deformation of the O" core. 
A calculation? using the shell model and two-body forces yields 
sufficient deformation. A further that the 
ground state admixture of deformed core coupled to the 
neutron d5/z state, a configuration not considered by the pre- 
vious authors, gives a negative ground state quadrupole 
moment many times the experimental value* of —(0.5 
+0.5, —0.2)e(Fermi)*. In the course of this work we have 
found that, contrary to general belief, there is no recoil con- 
tribution of the core to either the transition matrix element or 
the quadrupole moment. The latter has already been noted by 
Elliott and Skyrme.‘ Attempts to understand the small ex- 
perimental value are in progress. 


consequence is 


* Research supported by the National Science Foundation. 

1 J. Thirion and V. L. Telegdi, Phys. Rev. 92, 1253 (1953). 

2With W. M. Visscher (unpublished). For the shell-model description of 
the core deformation, see R. A. Ferrell and W. M. Visscher, Phys. Rev. 102, 
450 (1956), and Phys. Rev. 104, 475 (1956) 

§ Geschwind, Gunther-Mohr, and Silvey, Phys. Rev. 85, 474 (1952). 
H. Horie and A. Arima, Phys. Rev. 99, 778 (1955), have made a configura 
tion-interaction calculation of the quadrupole moment and also obtain too 
large a quadrupole moment. K. W., Ford finds the same result with the weak 
coupling model (private communication). 

4 Private communication from A. M. Lane. See also J. P. 
T. H. R. Skyrme, Nuovo Cimento 4, 164 (1956). 


Elliott and 


GA8. Quasi-a@ Nuclear Substructure in j-j Coupling.* R. 
W. KinG ann D. W. Dorn, Purdue University.—Empirical 
evidence on complex nuclei reveals, in addition to large spin- 
orbit forces, a tendency for two neutrons and two protons to 
form a particularly stable (‘quasi-a"’) structure. The j-j 
coupling shell model provides a description of strong spin- 
orbit effects ; however, in all but a few simple nuclei, the model 
does not lead to uniquely determined wave functions. We have 
chosen to remove the nonuniqueness of j-j coupled wave 
functions by imposing the maximum amount of quasi-a 
structure permitted by strong spin-orbit coupling. The a-like 
structure is associated with two neutrons and two protons in 
an S=T=0 substate; the antisymmetry of the total wave 
function assures that the substate is completely space-sym- 
metric. The procedure of maximizing this “a’’ structure thus 
demands that the dominant parts of nuclear wave functions 
be formed by pairs of nucleons in relative T=1, S=0, and 
T=0, S=1 states with symmetrical space coupling. This 
type of pairing appears more realistic than that imposed by 
the ‘‘seniority’’ quantum number. 


* Supported in part by the Air Force Office of Scientific Research 


GA9. Beta Decay Matrix Elements from the Quasi-a 
Model.* 1D. W. Dorn anv R. W. KING, Purdue University. 
Allowed beta decay transition probabilities provide a rigid 
test for low-energy nuclear The supermultiplet 
formalism has remained the only means of obtaining qualita- 
tive accord with the experimental evidence on beta decay. In 
general, the predictions of j-j coupling models have been 
considerably worse.' Since the quasi-a model in j-j coupling? 
does bear some resemblence to the supermultiplet formalism in 
L-S coupling, it is conceivable that a strong spin-orbit 
coupling description can be maintained with improved beta 
decay matrix elements. Specific matrix elements in the d 5/2 
and f 7/2 shells have been calculated; the improvement ob- 
tained suggests that wave functions constructed from the 
quasi-a model afford a better description of nuclei than those 
derived from the use of a ‘‘seniority’’ quantum number. 


models 


* Supported in part by the Air Force Office of Scientific Research. 
4 Taimi. Phys. Rev. 91, 122 (1953) 
*R. W. King and D. W. Dorn, Bull. Am. Phys. Sex 
preceding abstract. 


Ser. II, 2, 26 (1957), 


GAI10. Relative Sign of Gs and Gr in Beta Interaction. 
M. Morira*® and R. Sarto,t Columbia University.—It is the 
general conclusion that the ratio of in beta inter- 
action is close to one. However, the sign is still undertermined. 


Gs 


Gr 
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Recently we investigated, theoretically, the angular distribu- 
tion of 8-particles emitted by oriented nuclei. The results lead 
us to propose a new method to determine the relative sign of 
Gs and Gr in beta interaction. The relative sign can be deter- 
mined by measuring both the angular distribution of the 
emitted 8 particles and the shape of the 8 spectrum. The 
general angular distribution function of 8 particles emitted 
by oriented nuclei will be presented. A few special cases of 
first forbidden transitions with (AJ) =1 in odd nuclei will be 
discussed. 


* On leave from Kobayasi Institute of Physical Research, Tokyo. 
t On leave from University of Tokyo. 


GA11. Dependence of the C'* Beta Decay on the Tensor 
Force.* D. T. GoLDMAN AND R. A. FERRELL, L’niversity of 
V aryland.—A tensor force is required to explain both the 
cancellation in the C™ beta decay matrix element and the 
quadrupole moment of the deuteron, Previous efforts’ to 
establish compatibility between these two sources of informa- 
tion on the tensor force have been extended to a larger variety 
of assumed interaction shapes. For a given shape the strengths 
of the central and tensor force which reproduce the ground 
state properties of the deuteron are functions of tensor range. 
These functions have been used to calculate the C™ matrix 
element also as a function of tensor range. The latter is then 
determined as the root of this function. Both the Gaussian 
and the Yukawa shapes give roots, but in the Yukawa case 
the required tensor strength is excessive. Generally a rapid 
radial fall-off is necessary, and for the exponential shape, with 
its gradual variation, we find no root. Especially satisfactory is 
the highly singular one-meson exchange potential,? which 
yields a relatively effective off-diagonal S-D matrix element 
without contributing too heavily to the diagonal elements. 

* Research supported by the National Science Foundation. 

1 Goldman, Visscher, and Ferrell, Bull. Am. Phys. Ser. 11, 1,17 (1956 


The numerical result stated there for the Yukawa shape is incorrect. 
? Hiida, lwadare, and Machida, Progr. Theoret. Phys. 15, 189 (1956 


GA12. Coulomb Corrections to the Nuclear Matrix Element 
for 0*-+0*3 Transitions. W. M. MacDona.p, University of 


Maryland.—The assumption of charge independent nuclear 
forces gives the nuclear matrix element of 0*-+0* £ transitions 
in the nonrelativistic approximation as Mpr= fl@=(V/(T 
+ 7's)(T #7 s+1)). This result is independent of any specifi 
nuclear model and has been used by Sherr and Gerhart to 
provide limits on the ratio (gv/gs) of the vector coupling con- 
stant to the scalar coupling constant for 8 decay. The Coulomb 
forces between protons’ perturb the wave functions obtained 
on the basis of charge independence, however, and result in a 
decrease in the Fermi matrix element. This decrease results 
both from (1) the mixing of states of different isotopic spin 7 
in a given nucleus, and from (2) a difference in the perturba 

tion of the corresponding states of isotopic spin 7 in two 
members of an isotopic spin multiplet. These two etfects on the 
Fermi matrix element will be discussed with reference to the 
limits which can be set on (gu/gs) by the analysis of ft values 
for 0*-+0° transitions given by Sherr and Gerhart 


GA13. Three-Body Nuclear Interaction in K*®. S. I 
PANDYA AND J. B. Frencu, Unwersity of Rochester.—If 
we assume only two-body interactions and pure jj 
coupling, there exists a simple theoretical correspondence 
between the lowest four levels of Cl* and of K®. Using 
this, the levels of CIl® have been predicted to within 30 key 
from the levels of K®.4* We now ascribe the small dis- 
crepancies to the effects of other configurations and possibly 
of a three-body nuclear interaction (the latter would affect 
only the K® levels). The interconfiguration effects for both 
nuclei have been estimated by using the infoemation about the 
nuclear interaction which is available in this region of A; a 
more direct estimate will be possible when information be- 
comes available about the higher excited states of both nuclei 
After the corrections for the interconfiguration effects are 
made, the residual effects enable us to derive an upper limit to 
the strength of the effective three-body interaction which, for 
purposes of explicit calculation, we assume, to be spin-inde- 
pendent and of short range. 


'S. Goldstein and 1, Talmi, Phys. Rev. 102, 589 (1956), 
7S. P. Pandya, Phys. Kev. 103, 956 (1956), 


WLDNESDAY AFTERNOON AT 4:45 


Grand Ballroom 


(KE. P. WIGNER presiding) 


Business Meeting of the American Physical Society 





THURSDAY MORNING AT 9:30 


North Ballroom 


(F. N. FRENKIEL presiding) 


Symposium of the Division of Fluid Dynamics Boundary Layer Flow 


H1. Some Problems of Unsteady Boundary Layer Flow. C. C. Lin, M. J. 7. (30 min.) 
H2. Boundary Layer Transition Studies at Subsonic Speeds. G. B. Scuunaurr, National Bureau 


of Standards. (30 min.) 


H3. Effects of Extreme Cooling on Boundary Layer Transition at Supersonic Speeds. J. C. Evvarp, 


Lewis Flight Propulsion Laboratory. (30 min.) 


H4. Laminar Boundary Layer in a Dissociated Gas. F. R. Rippett, AVCO Research Laboratory. 


(30 min.) 


Business Meeting of the Division of Fluid Dynamics 


(To be held during the session whenever the Chairman chooses.) 
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THURSDAY MorRNING AT 9:30 


Grand Ballroom 


(V. F. Wetsskorr presiding) 


Invited Papers in Theoretical Physics 


HAI. The Nuclear Many-Body Problem. H. A. Betue, Cornell University. (45 min.) 
HAZ. Shell Model Analysis of Nuclear Energies. |. Taimi, Princeton University. (40 min.) 
HA3. Stripping Reactions and the Structure of Light Nuclei. J. B. Frencu, University of Rochester. 


(30 min.) 





THURSDAY MORNING AT 9:30 


Panel Room 


(A. SPERDUTO presiding) 


Nuclear Reactions and Nuclear-Energy Levels, I 


Jl. Interaction of 6-14-Mev Deuterons with Deuterium.* 
T. M. Putnam, J. E. Brotvey, Jr., AND Louts Rosen, Los 
Alamos Scientific Laboratory.—-The differential cross sections 
for the reactions D(d,n)He?, D(d,p)H*, and for D-—D elastic 
scattering have been measured as a function of deuteron 
energy at 2-Mev intervals between 6 and 14 Mev. The source 
of deuterons was the Los Alamos Variable Energy Cyclotron. 
Detection of reaction products was by means of nuclear emul- 
sions in the Los Alamos multiplate camera.' The results are 
based on an analysis of more than 750000 tracks and com- 
prise over 300 differential cross sections, each obtained to an 
absolute accuracy of 3-4% (standard error), The two branches 
of the reaction have essentially identical cross sections be- 
tween 30 and 90° in the center-of-mass coordinate system. 
Below 30° the neutron producing branch deviates slightly 
towards higher cross sections. A second minimum, centered 
about 90° (c.m.), becomes evident at 12 and 14 Mev. The 
results of this work will be presented and discussed. 

Ienergy 


*Work performed under the auspices of the U, 5. Atomic 


Commission, 
1 Allred, Rosen, Tallmadge, and Williams, Rev, Sci, Instr. 22, 191 (1951). 


J2. Differential Cross Sections for He*(d,p)He‘ and the 
Elastic Scattering of Deuterons from He’*.* Vera Kistia- 
KOWSKY Fiscner, Columbia University and Brookhaven Na- 
tional Laboratory. Differential cross sections for the He*(d,p)- 
He ground state reaction and the elastic scattering of deuterons 
from He® have been measured with 21-Mev deuterons from 
the Brookhaven sixty-inch cyclotron. A “‘turret”’ type scatter- 
ing chamber and cylindrical gas target were used. The particles 
were detected and identified by a thin proportional counter 
Nal (TI) scintillation counter telescope. The angular resolu- 
tion was +1.0° in the laboratory system in the case of He?- 
(d,p)Het and +4:0.5° for He*(d,d)He*, The He*(d,p)Het* cross 
section is 0.72+0.28 mb/sterad at 6\,, = 15°. Work is continu- 
ing to improve the absolute accuracy of the measurement 
The angular distribution predicted by Butler stripping theory 
for a radius of 4.310~" cm! does not fit the experimental 
result in detail. The elastic scattering differential cross sec- 
tion shows well-defined maxima and minima. A simple optical 
model calculation has been undertaken in an attempt to fit the 
data. 


* This work was partially supported by the U. S. Atomic Energy Com 


mission. 
! Butler and Symonds, Phys. Rev, 83, 858 (1951). 


J3. Scattering of He* from He‘ and States in Be’.* G. C. 
PHILLIPS AND Puitie MiLcer, The Rice Institute.—-Scattering 
measurements for He*+Het have carried out 
helium gas in a differentially pumped gas scattering chamber 
and a He** beam from The Rice Institute Van de Graaff 
accelerator. The laboratory energy range 3 to 6 Mev has been 
investigated at c.m. He* angles of 54°44’, 63°26’, 90°, 116°34’, 
109°52’, and 125°16’, 
obtained at laboratory energies of 3.04, 3.95, and 5.28 Mev 
A prominent resonance was observed at the laboratory energy 
of 5.25 Mev and of width 0.28 Mev. This corresponds to a 
state in Be’ at 4.58 Mev excitation and of width 0.16 Mev. A 
preliminary phase shift analysis reveals that the state is Fy/2, 
and corresponds well in energy to the F7/2 level of Inglis. It is 
of interest that its reduced width is about 0.31 of the Wigner 
limit for an F state at this energy and so it is presumably a 
simple two-particle state of He and He‘. Results of a phase 
shift analysis will be presented. 


been using 


and angular distributions have been 


* Supported in part by the U. S. Atomic Energy Commission 


J4. Neutrons from the He* Bombardment of B'.* F. 
AJZENBERG-SELOVE, Boston University and Brookhaven 
National Laboratory, M. L. BuLtock,t Boston University, AND 
E. ALmovist, Chalk River Laboratories A thin B” target! has 
been bombarded with 2.59-Mev He® particles at Chalk River 
Hlford C-2 emulsions, 400 w thick, placed at 10 angles (0° to 
135°) to the incident beam have been used to measure the 
neutron spectra. A well-resolved ground-state group (Qo 
= 1.4640.06 Mev) has been observed, as have partially re 
solved groups, superimposed on a continuous background from 
B” (Hei np)C" (0 =0.984+0.04 Mev), corresopnding to at 
least four excited states of N" with Ey <2.6 Mev. The loca- 
tion of the levels are in good agreement with those in the 
mirror nucleus, B". The angular distribution of the ground 
state neutrons is essentially isotropic. 
tion for formation of the ground state of N" is 542 mb. The 
mass of N"® is calculated to be 12.02254+4-0.00008 amu. The 
atomic mass excess, M— A, is then 20.99+0.07 Mev. 


The “total” cross se 


* Supported in part by the U. S. Air Force through the Air Force Office 
of Scientific Research of the Air Research and Development Command 
and by the U.S. Atomic Energy Commission. 

Now at I.B.M. Corporation, Boston 

' Supplied by Dr. M. L. Smith of the Atomic Energy Research Establish 

ment, Harwell, England 


JS. Reaction Li’(a,y)B''.* Luise Mreyver-ScuUTzMeIsTER 
AND S. S. HANNA, Argonne National Laboratory.—Gamma-ray 
angular distributions and correlations have been measured in 
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the Li’ (a,7y)B" reaction. A rotating lithium target was ir- 
radiated with an alpha beam of about 12 wa. The gamma rays 
were detected with a 3.5-in. Nal crystal. In the expression 
1+A+cos, the following values of Az have been measured in 
the angular distribution experiments. 


Gamma ray Resonance 


Mev 960 kev 820 kev 400 kev 
90 0.47 40.04 —0.20 4.0.05 0.20 40,04 
6.81 0.44 40.12 0.36 40.08 

45 >1.25 >0.36 

4.46 <0.26 < ~—0.30 

5.03 ; >0.45 


The interpretation of these results in terms of the spin and 
parity of the levels in B" will be discussed 


*Work performed under the Atomic Energy 


Commission 


auspices of the [ Ss 


J6. Li’(p,@)He* Reaction at 15 and 18.5 Mev.* I). R. 
MAXSON AND H. Horte,t Princeton University.—Likely and 
Brady' have found that for 18.5-Mev protons the angular 
distribution of alpha particles from the reaction F'(p,ajO" 
is consistent with the assumption of a triton pickup process, 
in which a triton is exchanged between the target nucleus and 
the incident proton. These measurements have been extended 
to see if (p,a) reactions in other light nuclei may proceed by a 
similar mechanism. In the present experiment, angular dis- 
tributions and absolute differential 
Li?(p,a)He* reaction were observed at bombarding energies 
of 15.0+0.1 and 18.55+0.1 Mev 
are similar at the two energies, with a maximum at small 
angles and a broad peak centered between 50 and 60° (c.m.). 
The cross section at the peak is 1.6+0.2 mb/sterad at 15 Mev 
and 1.3+0.1 mb/sterad at 18.55 Mev. Calculated triton- 
pickup angular distributions are extremely sensitive to the 
choice of the interaction radius and are not adequate to fit 
the data, although qualitative agreement is obtained with 


R=445 X10" cm. 


cross sections of the 


The angular distributions 


* This work was supported by the U.S. Atomic Energy Commission and 
the Higgins Scientific Trust Fund 

t Now at Tokyo Institute of Technology, Tokyo, Japan. 

17). G, Likely and F. P. Brady, Phys. Rev. 104, 118 (1956) 


J7. C'*(a,p)N'* Reaction at 41.5 Mev.* RK. Suerr,t /rince- 
ton University, AND M. Rickey, University of Washington 
As the inverse of the (p,@) reaction described in the preceding 
abstract (Maxson and Horie), the (a,p) reaction in the same 
energy range should exhibit a similar type of angular distribu 
tion. The C(a,p)N"* reaction has been investigated using the 
41.5-Mev a@ particle beam of the University of Washington 
cyclotron. In addition to the ground state, protons correspond 
ing to many (unresolved) excited states were seen up to an 
excitation of 13.5 Mev; 
tributions. For ground state pronounced maxima were found 
at 0°, 45°, 85°, and 150° (c.m.) with cross sections of 1100, 
100, 36, and 18 mb/sterad, respectively. Assuming stripping 
with /(triton) =1, and R=5.10K10-" cm, an excellent fit to 
the data is obtained for angles greater than 30°. At smaller 
angles the observed cross sections increase much more thai 
the predicted values and near U° are 14 times as great. 


all showed nonisotropic angular dis 


* Supported in part by the U. S. Atomic Energy Commission 
t Summer visitor at the University of Washington, 1956, 


J8. Measurement of Cross Section of Be’(n,a)He’. k. C. 
CAMPBELL AND P. H. STELSON, Oak Ridge National Laboratory. 

The cross section for the reaction Be*(n,a)He*® (0.8 sec) was 
measured by detecting the 8 decay of He® for neutron energies 
up to 4.4 Mev. Square-wave modulation of the (p,n) neutron 
source together with synchronous gating of the anthracene 
8 detector eliminated counts due to fast neutrons. The cross 
section exhibits a smooth rise from less than 10 wb at the ex- 
pected threshold of 0.7+0.05 Mev to a peak of 100410 mb at 





3.0 Mev, followed by a decrease to 60 mb at 4.4 Mev. The ab- 
solute neutron flux was determined with a U™* fission chamber 
to an accuracy of 46°). The 8-counting efficiency is known to 
£5%. 


J9. Breakup of Be*’* (2.43-Mev) Using Coincidence Tech- 
nique.t 1). Bopansky, S. F. Ecc ies, anp 1. HaLpern, Uni- 
versity of Washington.—Observation of inelastically scattered 
42-Mev alpha particles from a Be target provides a means for 
selecting events in which the excitation energy and laboratory 
momentum of recoiling Be** nuclei are determined. The break- 
up from the Be® 2.43-Mev level was studied by observing the 
angular and energy distributions of charged decay products, 
in coincidence with the scattered alpha particles. The latter 
were selected in a plastic -Csl phoswich' placed at a con- 
venient angle (60°). Possible decay modes are to (1) Be*+-n, 
Be*+Het + Het; (2a) Het + He®, He®+Het +n; (2b) Het + Het 
tn; and (3) Be*’+y. Only about 25% of the breakup alpha 
particles fall within the relatively tight momentum interval 
kinematically allowed to mode (1). This 25°) provides a 
liberal upper limit on the probability of decay via mode (1) as 
a substantial fraction of this group may be due to mode (2). 
The observed scarcity of appropriate recoiling Be*® nuclei 
indicates an upper limit for (3) of 1°). This technique is being 
applied to other decay problems. 


t Supported in part by the U.S. Atomic Energy Commission 
1D. H. Wilkinson, Rev. Sei. Instr. 23, 414 (1952). 


J10 Lifetimes of the 4.4-Mev Excited States of B'' and 
C'*,* C. P. Swann, F. R. MerzGer, anp V. K. RASMUSSEN, 
Bartol Research Foundation.._ NW, gas was bombarded by 3.4- 
Mey protons from the Bartol-ONR electrostatic accelerator, 
This gives a copious source of Doppler-broadened 4.43-Mev 
gamma rays from the first excited state of C™. The scattering 
of these gamma rays by graphite and by lithium nitrate has 
been observed, the difference being attributed to nuclear 
resonance fluorescence in CC”, The self-absorption of the 
resonance radiation also was observed by interposition of 
graphite and lithium nitrate absorbers between the source and 
the graphite scatterer. From this, the lifetime of the first 
excited state of C™ is found to be (742)K10°" sec, The 
scattering of the same gamma radiation by boron carbide and 
lithium nitrate has also been observed, the difference being 
attributed to nuclear resonance fluorescence in B". Assuming 
a spin of 5/2 for the 4.46-Mev second excited state of B", 
the lifetime of this state is found to be (1.040.2) K 107" see. 


* Assisted by the joint program of the Office of Naval Research and the 
U.S. Atomic knergy Commission 


Jil. Inelastic Scattezing of Protons from C'.* L. J 
Liporsky, J. Weir, R. D. Bent, ann K. W. Jones, Columbia 
The y radiation from in 
elastic scattering of protons on C™ has been determined for 


University excitation function for 
proton bombarding energies up to 6.40 Mey, Resonances appear 
in the yield at 90° for Ey = 5.381 40.007 Mey and 5.930 40.007 
Mev corresponding to excited states in N“ at E* «6.912 
(1 ~0.130) Mev and £* «7.419 (P-~0.085) Mev. The peak 
cross section at 5.93 Mev is 8 mb/sterad at 90° normalized 
to the peak cross section at the 5,38-Mev resonance as quoted 
by Reich et al.’ The angular distribution relative to the proton 
beam was measured at ~100 kev intervals from KE, =5.38 to 
6.40 Mev. At E,=5.9 Mev the angular distribution was con- 
sistent with an assignment of 5/2* to the 7.419-Mevy state. 

* This work was partially supported by the I 


Commission 


! Reich, Phillips, and Russell, Phys, Rev 


S. Atomic Energy 


104, 143 (1956) 


Ji2. Search for Electric Monopole Pair Transitions in C' 
and Ca“ Using a Scintillation Pair Spectrometer.* I. 11. 
Kruse, R. D. Bent, ann K. &. EK LuNnp, Columiia University. 

if the 7.65 and 3.82-Mev states of C and Ca", respectively, 
are O*, they should decay to the ground states chiefly with 
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the emission of electron pairs. A three-crystal pair spec- 
trometer was modified for detecting electron pairs by replacing 
the center Nal crystal with a ‘well’ plastic scintillator. 
Targets are placed near the bottom of the well and the electron 
pairs are detected with almost 4% geometry. This spectrometer 
gives 13% resolution for the 6.05-Mev pair line from the 
F 4 (p,aw)O" reaction and is calculated to be about 250 times 
more efficient for electron pairs than for 4.43-Mev gamma rays 
No 7.6-Mevy pair line was detected from the Be*(a,n)C reac- 
tion (Eq =5.6 Mev, thick target). The yield of pairs was less 


than 6X10~* that of 4.43-Mev gamma rays. A preliminary 
search has been made for 3.82-Mev pairs from the Ca**(p,p’) 
reaction (E, =5.5 —-6.3 Mev) using a CaCO, target (62% Ca*®, 
35% Ca). No strong 3.82-Mev pair line has been observed 
A weak line would have been obscured by the high-energy 
tail of the 3.35-Mev line from the Ca”(p,p’) reaction. The 
Ca"*(p,p’) reaction is expected to be relatively weak because 
of the competing (p,n) reaction. 


* This work was partially supported by the U. S. Atomi 
Mission. 





THURSDAY MORNING AT 9:45 


Terrace Room 


(S. MILLMAN presiding) 


Magnetic Resonance I 


JA1. Atomic Hyperfine Structures of Cs'” (6.2 hr) and 
Cs'*® (31 hr).* Henry B. Sitsper, WILLiAM A. NIERENBERG, 
Howarp A. SHuGart, AND Ropert J. SUNDERLAND, U/niver- 
sity of California, Berkeley.—Because of the unexpected spin 
of 1 =4 for both Cs!” and Cs, values of the hyperfine struc- 
ture separations are of interest.! Measurements of the hyper- 
fine structure separations for these isotopes have been made 
by observing transitions between the f =J+4, m= —(I—4), 
and m= — (1 +4) states at various magnetic fields in an atomic 
beam “‘flop-in"’ apparatus. Assuming a positive value for the 
magnetic moments, Cs'*? gives a hyperfine structure of 
$7904 250 Mc/sec, and Cs'™ gives 91904260 Mc/sec. With 
Cs" as a reference, the Fermi-Segré formula predicts from 
these measurements the nuclear magnetic moments: Cs'’, 
w= +1.4140.04; Cs™, w= +1.47+0.04 nuclear magnetons. 
Since both isotopes have the same spin and about the same 
hyperfine structure separation, an experimental resonance 
curve must be analyzed into the two component resonance 
curves by observing the decay of each resonance point. Al- 
though not yet definitely established, a positive sign for the 
nuclear moment appears more consistent with the experi- 
mental evidence than does a negative sign. 


*Work supported by the U, S, Atomic Energy Commission and the 


Office of Naval Kesearch. 
1 Nierenberg, Shugart, Silsbee, and Sunderland, UCRL-3487 (1956) (to 


be published), 


JA2. Some Moments of Radioactive Iodine Nuclei.* P. 
FLetcuer AND E. AmBie, Columbia Radiation Laboratory 
(introduced by C. H. Townes).—-Approximately 1 yg of 
1% has been obtained by bombardment of tellurium by 
deuterons [Te!*(d,2n)I* and Te™(dn)I'*] and chemically 
synthesized into CH,I'*. The absorption spectra of this mole- 
cule was then examined with a conventional stark modulated 
microwave spectrometer. Five absorption lines have been ob- 
served which can be fitted into a quadrupole hyperfine struc- 
ture pattern of the J =2«1 rotational spectrum assuming a 
nuclear spin for the I®* of 5/2. The resulting quadrupole 
coupling constant is 2179.5 421.0 Me, giving a ratio of quadru- 
pole moments Q1as/Qi27 = 1.1270+0.0005. The shift of the 
rotational frequency due to the isotopic substitution of I was 
49.345 Me in good agreement with that expected. The ob- 
served values of spin and quadrupole moment suggest a dy, 
configuration for the ground state of the I** nucleus similar 
to that of I’. Preliminary measurements op the magnetic 
moment of I by Zeeman effects on the microwave spectrum 
also indicate this configuration. This technique is also being 


applied to determine the moments of other radioactive iodine 
nuclei. 
* Work supported in part by the U. S. Atomic 


in part jointly by the Signal Corps, the Office of 
Air Research and Development Command 


Energy Commission and 
Naval Research, and the 


JA3. Zeeman Splitting of Nuclear Quadrupole Energy 
Levels in a Single Cuprite Crystal.* Henry L. Cox, JR., AND 
Duptey Witttams, Ohio State University.—Two absorption 
lines, with frequencies near 26 Mc and 24 Me, have been ob- 
served in earlier studies! of cuprous oxide and have been 
attributed to nuclear quadrupole transitions involving Cu® 
and Cu, respectively. The present work involves the behavior 
of corresponding lines in a single cuprite crystal when an 
external magnetic field is superposed on the internal electri: 
field. From the results obtained experimentally at 28°C, the 
following parameters have been determined: 


eq 0% =51.96+0.04 Mc 
eq Q* =48.06+0.04 Mc 
p™ =2.2264-0.007 nm 
pw = 2.37640.007 nm 
n<0.0015. 


These results will be compared with values obtained by other 
methods. 
* This work has been supported by a contract between the Office of 


Scientific Research of the Air Research and Development Command 
'H. Kruger and U, Meyer-Berkhout, Zelts Phys, 132, 171 (1952 


JA4. U*** and U*** Nuclear Quadrupole Coupling in the 
UO,** Group from Specific Heat Measurements. L. 1D. 
Roperts, J. W. T. Danes, anp G. W. Parker, Oak Ridge 
National Laboratory.—In order to interpret results! on the 
anisotropic emission of @ particles from aligned U™ nuclei, it 
was necessary to determine the magnitude of the quadrupole 
coupling producing the alignment. These results indicated a 
splitting sufficiently large to give an observable Schottky 
specific heat in the temperature region below 1°K. Direct 
specific heat measurements for this purpose have been per- 
formed on U™*O,F, between approximately 0.3° and 0.8°K 
A paramagnetic salt and an electrical resistance heater were 
connected thermally to the UO,F, sample. The paramagneti: 
salt served as both coolant and thermometer. Assuming a spin 
hamiltonian « =Q(/—J(1+1)/3), the molar specific heat at 
sufficiently high temperatures is given by C/R =h*0*] (I 4+-1) 
x (47(1+1)/3 —1]/15k?7%, where QO is cm™. Preliminary 
measurements give Q(U™*) = —0.015+0.002 cm™. The sign 
of the coupling is based on theoretical considerations of Eisen- 

















stein and Pryce.' This experiment cannot be performed using 
U™ because of the heating from the high specific a activity. 
However, a value for Q(U™) may be obtained using the 
quadrupole moment ratio recently obtained by Dorain, 
Hutchison, and Wong (unpublished). 


Phys. Soc. 


Ser. II, 1 
Phys. Soc. Ser. I] 


! Roberts, Dabbs, Parker, and Ellison, Bull. Am , 
» a, 


207 (1956); Dabbs, Roberts, and Parker, Bull. Am 
207 (1956 


JAS. a-Particle Anisotropy from Aligned U*** Nuclei. J. W. 
T. Danses, L. D. Roperts, anp G. W. Parker, Oak Ridge 
National Laboratory.—The previous measurements! on the 
anisotropic emission of a@ particles from aligned U™* nuclei 
have been extended using a new apparatus. The salt used was 
UOeRb(NO;)s. More accurate angular distributions as a 
function of temperature have been obtained and may be 
described by W(6,T) =1+(A2/T)P2(cos0@) with A_z= —0.063 
+:0.002, 6 measured from the crystalline ¢ axis, and T in °K. 
This result, together with the quadrupole coupling determina- 
tion of the preceding abstract, permits an analysis of the 
anisotropy in terms of angular momentum theory (Rose et al.*) 
and the interpretation of the U™ a@-particle fine structure by 
Bohr, Froman, and Mottelson.* The latter authors present 
arguments suggesting that only S and D waves are important 
in the a-particle emission. Under this assumption, the analysis 
indicates that the Sand D waves in the ground state transition 
are of approximately equal amplitudes and of opposite sign 


1 Roberts, Dabbs, Parker, and Ellison, Bull. Am. Phys, Soc. Ser. J 
207 (1956); Dabbs, Roberts, and Parker, Bull, Am. Phys. Soc, Ser, I 
207 (1956). 

? Rose, Roberts, and Dabbs, Bull. Am. Phys. Soc, Ser. II, 1, 207 (1956 


4 Bohr, Froman, and Mottelson, Dan. Mat. Fys. Medd. 29, No. 10 (1955 


JA6. The Quadrupole Moment of O'’.* M. J. Strevenson,t 
Columbia University.— The nuclear quadrupole hyperfine 
structure resulting from ©? has been measured by A. H. 
Nethercot, Jr., and B. Rosenblum! in the rotational microwave 
spectrum of the molecule CO”. They find a quadrupok 
coupling constant egQ which is positive in sign and appreciably 
larger than that found in OCS.* Since neither its sign nor its 
magnitude can be reconciled with the present value of the 
quadrupole moment Q of O" and accepted electronic structure 
of CO, the microwave spectrum of HDO" is being investi- 
gated. Hyperfine structure in the rotational transition 229¢-2 
has been observed. Its analysis should yield a determination 
of the quadrupole moment of O"' with more certainty than is 
allowed by the spectrum of OCS or CO because of the relative 
simplicity in the evaluation of field gradients from the elec 
tronic structure of HDO. 

* Work supported jointly by the Signal Corps, the Office of Naval Re 
search, and the Air Research and Development Command. 

t John Tyndall Fellow. 


! Private communication 
? Geschwind, Gunther-Mohr, and Silvey, Phys 


Rev. 85, 474 (1952 
JA7. Hyperfine Structure Anomaly (HFSA) of Sb'*' and Sb'** 
Measured by the Electron Spin Double Resonance Method 
(ESDR). J. E1isincer annoG. Feuer, Bell Telephone Laboratories. 
The HFSA, A, reflects the difference in nuclear size and in the 
distribution of the nuclear magnetic dipole moments between 
isotopes of the same element.' For the two Sb isotopes A is 
given by (ay21/ai23) = (212/122) (1 + 4) where a is the hyperfine 
interaction constant and g is the nuclear g factor. A has been 
calculated from ratios of a's obtained from atomic beam ex- 
periments for several nuclei and the results have been com- 
pared with theory.! We have measured the a-ratio by perform- 
ing an electron spin resonance experiment on Sb doped silicon 
at 9000 mc/sec. (a4,2;/di23) was obtained by two methods: one 
involves the precise determination of the HFS in the applied 
field and the other is based on the ESD technique.? The 
latter is more accurate and moreover ywlds a value for 
(2121/2128) which is of comparable accuracy and in agreement 
with the NMR value. In this way we obtain 4= — (0.354 
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+0.006)°%. A simple single-particle model based on Sb" and 
Sb™ having odd protons in the ds;_ and g7/2 states, respectively, 
yields A= —0.41%. 


PF. Weisskopf, Phys. Rev. 77, 94 (1950 
Rev. 103, 834 (1956) 


1A. Bohr and V 
*(,. Feher, Phys 


JA8. Effect of Exchange Interactions on Nuclear Hyperfine 
Structure in Paramagnetic Resonance Spectra. |). KiveLson, 
University of California at Los Angeles and Columlia Unt- 
versity.-Fermi contact interactions between nuclear and elec- 
tronic moments give rise to hyperfine lines in the electron spin 
resonance spectra of substances. This hyperfine structure is 
strongly aflected by electronic spin exchange interactions. 
Anderson' has shown that these interactions modulate the 
remaining terms in the Hamiltonian and that the exchange 
terms can be treated by stochastic methods. Kubo and Tomita* 
have developed a theory based upon time dependent perturba- 
tion theory which includes the nonsecular terms omitted by 
Anderson. The present analysis is based upon this latter 
theory and is analogous to the work of Yokota and Koide# 
on the effect of exchange interactions on the fine structure 
arising from the anisotropic nature of the g tensor in crystals. 
Exchange frequencies both large and small compared to the 
hyperfine separations are treated. As expected, the hyperfine 
lines broaden and start to coalesce as the exchange frequency 
increases, and then narrow down to a single line for very large 
exchange interactions. 

Japan 9, 316 (1954) 


Japan 9, 888 (1954), 
Japan 9, 954 (1954) 


‘PW 
*R. Kubo and K 
*M. Yokota and § 


Anderson, J. Phys, Soc 
Tomita, J. Phys. Soc, 
Koide, J. Phys. Soc 


JA9. Paramagnetic Resonance Spectrum of V**.* Max M. 
Weiss,f Ropert I. Wavter,t O. R. Giittam,§ anp V. W. 
Conen, Brookhaven National Laboratory..-We have studied 
the paramagnetic resonance spectrum in xylene solution of a 
vanadium (IV)-cupferron chelate prepared from a sample 
containing V®. The ratio of V@ to V™ was of the order of one 
part in 200, The large amount of V" was present as an im- 
purity in the titanium from which the V® was prepared by 
deuteron bombardment. The hyperfine pattern of the spec- 
trum was examined and showed two very weak components 
consistent with magnetic quantum number assignments of 

+5/2 and +7/2, respectively. The lower m components could 
not be resolved from the V™ lines. Ifa 9/2 component had been 
present it would have been clearly visible. These results are 
consistent with a V® spin assignment of 7/2 and a magnetic 
moment ratio of uw” /u of 0.867 40.01. Further work is in 


progress to prepare a sample of higher ratio of V@ to V™ 
contents so that a clearer spectrum might be observed. 
*Work performed under the auspices of the U. 8S. Atomic Energy 


Commission, 
t Now at Bell Telephone Laboratories, Whippany, New Jersey. 
3} Now at Haverford College, Haverford, Pennsylvania 
§ Permanent address; University of Connecticut, Storrs, Connecticut, 


JA10. A Possible Transient Overhauser Effect in a Silica 
Containing Protons. G. R. Horzman, Joun H, ANnpERson, 
and W. Korn, Mellon Institute.-(a) While a fused silica’ 
(T, of Si = 10 hr) is soaked in a 9.4 kilogauss field for 5 minutes, 
the Si® energy levels are saturated by rf power. (b) The sample 
is removed to the earth's field for 45 seconds and then re- 
inserted into the high field. (c) A rapid passage nuclear mag- 
netic resonance experiment is performed. A silicon moment 
having the same direction and equal in magnitude to about 4 
the equilibrium 9.4 kilogauss field value is then observed, 
Repeat experiments with varying high field soaking periods 
give a plot of signal amplitude vs time. From this roughly ex- 
ponential curve, a relaxation time of 3 minutes can be caleu- 
lated. To learn whether the Si® spins.relax via their interaction 
with proton impurities, an effort was made to saturate the 
hydrogen levels in step (a). A repeat of (b) and (c) gave zero 
or very little Si® signal. An examination of the general solution 
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to Solomon's? equation of motion for the Si moment suggests 
that the phenomenon may be a transient Overhauser effect. 


1 Holzman, Anderson, and Koth, Phys. Rev, 98, 542 (1955). 
41, Solomon, Phys, Rev. 99, 559 (1955). 


JA11. Nuclear Polarization and Associated Specific Heat 
in Metals at Low Temperatures. W. A. Barker ANv E. A. 
Destoce, St. Louis University.-It has been shown that a 
high nuclear polarization may be achieved in metals at low 
temperatures by saturation of the conduction electron spin 
resonance.' We have calculated an expression for the contribu- 
tion to the specific heat due to this steady state nuclear polar- 
ization. The theoretical curve of Cua vs Ho/T for a given 
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nuclear spin J goes through a maximum. As J is increased, this 
maximum increases and occurs at smaller //)/T values. In the 
absence of a time varying magnetic field (i.e., zero saturation 
of the electron spin resonance), our expression reduces to its 
known thermal equilibrium form.? In Li’, assuming complete 
saturation of the electron spin resonance, (CHo)max =4.4 
X10~'R for Ho =10 oersted and T =0.88°K. This corresponds 
to a nuclear polarization of 83%. Additional numerical data 
for other metals will be presented. 


1953); T. P. Carver and C. P 
Barker and A. Mencher, Phys 


1A, W. Overhauser, Phys. Rev. 92, 411 
Slichter, Phys. Rev. 92, 212 (1953); W. A 
Rey, 102, 1023 (1956). 


Norman F. Ramsey, Phys. Rev. 103, 20 (1956) 





THURSDAY MORNING AT 9:30 


Boston-Washington Room 


(J. RAINWATER presiding) 


Medium-Energy Scattering and Neutron Physics 


Kl. Timing Scheme for a Time-of-Flight Neutron Spec- 
trometer.* MicurL Awscua.om, Louisiana State University.— 
A timing system for measurements of time of flight in a 
neutron spectrometer will be described. The detection of the 
neutrons with a hydrogenous detector and associated fast 
electronic circuitry for pulse shaping and sorting is the con- 
ventional one for this kind of work. However, the device to 
measure the time of flight is uncommon.' It consists of (1) a 
CRT swept in a circular fashion by the same precision oscil- 
lator? used for bunching the neutron generating ion beam?; 
(2) z-axis modulation of the CRT by the fast pulses from the 
detector; (3) a bank of 120 photomultiplier tubes arranged in 
a circular pattern and monitoring the face of the CRT through 
a focusing lens; (4) a system of ‘slow"’ discriminators and 
gates (one for each photomultiplier) to extract the proper 
information from the bank of photomultipliers. With a sweep 
frequency of 8.8 Mc/sec, a time resolution of the order of one 
millimicrosecond is expected. 

Energy 


*Work performed under the auspices of the U. S. Atomic 


Commission, 

1M. Awschalom, October 8, 1955 (not published). 

+R. C, Mobley and B. R. Albritton, Phys. Rev, 98, 232 (1955). 
+R. C, Mobley, Phys. Rev. 88, 360 (1952), 


K2. Angular Distributions of Inelastic Neutrons from 14- 
Mev Neutron Scattering.* M. P. Nakapa, J. D. ANDERSON, 
C. Garpner, AND C. WonG, University of California, Liver- 
more. —Absolute differential cross sections have been measured 
for the inelastic scattering of 14-Mey neutrons. A pulsed 
source time-of-flight technique was used with ring scatterers. 
The cross sections and energies were converted to the center- 
of-mass coordinate system. 7(0), the integral of the differential 
cross section, was evaluated from 1.5 to 4 Mev. The following 
preliminary values of /(0) have been obtained for lead: 30°, 
269410 mb/sterad; 40°, 22945; 60°, 20645; 80°, 20145; 
100°, 19144; 120°, 20444; 140°, 1994 $. Because of the 
large forward peaking of these neutrons, [(0) was also evalu- 
ated from 1.5 to 2 Mev. Similar forward peaking of neutrons 
was exhibited. Al, Fe, Sn, and Bi all showed forward peaking 
of similar amounts. Preliminary 1(90°) from 1.5 to 4 Mev for 
these elements are: 3241 mb/sterad, 5141, 105+4, and 
190+3, respectively. 

* This work was performed under the auspices of the U, S. Atomic Energy 
Commission, 


K3. New Technique for Measuring Gamma Rays from 
Neutron Inelastic Scattering.* Ropert B. Day anp Davin A. 


Linp, Los Alamos Scientific Laboratory.—In many experiments 
on the gamma rays excited by neutron inelastic scattering the 
major part of the background has arisen from neutron inter- 
actions within the Bal(Tl) crystal used as the gamma-ray 
detector. In order to reduce this background, a new technique 
has been developed that uses time of flight to distinguish 
between neutrons and gamma rays. A pulsed neutron source 
is produced by the beam deflection method used by Cranberg 
and Levin. These neutrons bombard a suitable scatterer and 
the resultant gamma rays are detected by a Nal scintillation 
counter 18 cm from the scatterer. The repetition rate of the 
pulsed neutron source is 2 107/sec. After each neutron pulse 
the output of the Nal counter is examined to see whether the 
counter has produced a pulse at a time corresponding to the 
time of arrival of a gamma ray produced by inelastic scattering 
in the scatterer. If the answer is yes, a pulse-height analyzer 
is gated on to analyze the height of the pulse. The over-all 
time resolution obtainable varies from 2 mysec at a gamma-ray 
energy of 500 kev to 6 musec at 70 kev; however, the required 
separation of neutron-induced background from the gamma 
rays of interest can usually be obtained at poorer resolution, 
where higher counting rates can be obtained. 


*Work performed under the auspices of the U. S. Atomic Energy 


Commission, 
K4. Elastic Neutron Scattering from Alpha-Particle Nuclei. 
J. L. Fow.er ann H. O. Coun, Oak Ridge National Laboratory 
The nonresonant neutron differential elastic scattering cross 
sections for oxygen and beryllium have been measured as a 
function of angle at several energies by the technique of de- 
For 


tecting scattered neutrons with a shielded recoil counter 


oxygen the data together with other measurements reported 
in the literature 
shifts in the 0-2 Mev energy range. In this range the s-wave 
potential scattering phase shifts vary smoothly with energy 


allow one to estimate the s attering phase 


and can be calculated from a static potential well. If one also 
requires that the energy position of the J = 4* bound state of 
O" be correctly given by the well, the parameters are deter- 
mined for any given shape. Analysis of the literature scatter- 
ing data for C" and use of the bound s level in C™ in the same 
manner give a similar potential well for a neutron due to the 
C" core. In order to make the effective radius of the potentials 
change in the ex_ ected way in going from C to O, one must 
introduce a diffuse boundary to the well. The elastic neutron 

















scattering from He* has been calculated! with the same type 
wells. 


'E. Van der Spuy, Nuclear Phys. 1, 381 (1956 


K5. (n,2n) Cross Sections for 14-Mev Neutrons on Be, Ta, 
and Bi.* Leona Stewart AND Louis Rosen, Los Alamos 
Scientific Laboratory.—Nuclear emulsion detectors were used 
to determine the space-integrated neutron spectrum from the 
interaction of 14-Mev neutrons on the above elements. On 
the assumption that particle emission, where energetically 
possible, precludes de-excitation by gamma emission, one 
arrives at (n,2n) cross sections of 0.4, 1.8, and 2.3 barns for 
Be, Ta, and Bi, respectively. o(n,2n) for Be agrees with theo- 
retical predictions of Sachs! but not with the theory of 
Mamasakhlisov? which probably does not apply to this high 
an energy region. In the case o: Bi there is good agreement with 
independent (n,2n) measurements.’ The nonelastic cross sec- 
tions of 0.4, 2.0, and 2.4 barns, which were obtained in the 
same manner, correspond reasonably well to those previously 
reported.** 


*Work performed under the auspices of the U. S. Atomic Energy 


Commission. 
' Mendel Sachs, Phys. Rev. 103, 671 (1956). 
7V. 1. Mamasakhlisov, Zhur. Eksptl. i Teoret. Fiz. 25, 36 (1953). 
4K. R. Graves and R. W. Davis, Phys. Rev. 97, 1205 (1955). 
* Taylor, Lénsjé, and Bonner, Phys. Rev. 100, 174 (1955) 


K6. Iuelastic Neutron Scattering in Rh and Nb.* M. A. 
RoTHMAN, D. M. VAN Parter, V. S. Duprey, W. C. Porter, 
AND C. E. MANDEVILLE, Barto! Research Foundation.--Gamma 
rays from inelastic neutron scattering in rhodium and niobium 
have been studied. In rhodium 300- and 365-kev gamma rays 
have been observed, while in niobium 740- and 950-kev gamma 
rays were excited. Excitation curves and cross sections have 
been obtained for these gamma rays. The thresholds of these 
excitation curves are being measured accurately to give an 
unambiguous level scheme 


* Assisted by the U.S. Atomic Energy Commission 

K7. Neutron Resonances in Even-Even Nuclei.” F. I. 
KARRIKER, H. MARSHAK, AND H. W. Newson, Duke Uni- 
versity.—Neutron total cross sections have been measured 
from about 5 to 200 kev for Ti, Cr, Cr®, Cr®, Cr, Fe™, and 
Fe. Effective sample thicknesses were 2.67, 3.00, 2.27, 2.19, 
1.66, 2.0, and 5.0 atoms/cm’, respectively. The number of 
definite resonances found on each cross-section curve were 5, 
4, 6, 4, 6, 5, and 8, respectively. A level in natural iron at 9 
kev appears to be due entirely to Fe“; the rest of the reso- 
nances observed in the natural elements must all be due prin- 
cipally to the predominant isotopes: Ti’, Cr, and Fe. The 
apparent level density is about the same between 0 and 100 
as between 100 and 200 key. Preliminary determinations of the 
widths of the levels below 200 kev indicate an approximately 
exponential distribution of reduced widths. Lumping together 
the resonances of Ti**, Cr, Cr®, and Fe* one obtains an 
average strength function, (1',°/D) =3.510 ‘4, assuming that 
all resonances are due to s neutrons. This is in good agreement 
with the value 3X10°* found by Marshak and Newson by 
averaging over transmission curves for Sct, V", and Mn®. 
Coincidences in energy between the resonances observed in 
isotopes are far more frequent than the other coincidences 
observed. In Ti* there is a resonance at 18 kev with a measured 
half-width of 8 kev which is far greater than any reasonable 
estimate of neutron energy spread. 


* This work was supported in part by the U. S. Atomic Energy Com 


mission 


K8. Assignment of Neutron Resonance Parameters.* |’. W. 
CRUTCHFIELD, W. HAEBERLI, AND H. W. Newson, Duke Lni- 
versity.—The following resonances have been remeasured: F (27), 
F (49), F(100), Na(53), Al(36), and Al(88) ; the neutron energy 
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in kev is shown in parenthesis after the symbol for the element. 
The measurements were made with several sample thicknesses. 
For the thinnest sample used ‘1 each case, the observed peak 
cross sections, ao(exp), were 25, 25, 18, 16, 22.5, and 16.0 
barns, respectively. Correcting for background and resolution 
the experimental values agree fairly well with the theoretical 
values, 122, 41, 20, 44, 31, and 17.5, respectively, which corre- 
spond to the assignments (J*): 2>, 17, 17, 3°, 2°, and 3* 
(* refers to the parity of the neutron wave). However, the 
assignment may be considered definite only in the cases where 
the corrections are small, since they must be based on esti- 
mates of background, neutron width, and neutron energy 
spread. The Al resonances appeared to be almost perfectly 
resolved with observed widths at half theoretical maximum, 
I =12 kev for Al(88), and [' «3 kev for Al(53); sample thick- 
nesses were 1.90 and 3.8110" atoms/cm?*. Area analysis of 
the Na(53) peak (sample thicknesses, 2.41 X10 atoms/cm") 
indicated a width of 0.8 kev, assuming J =3; the peak was 
symmetric indicating a P-wave neutron 

nergy Com 


* This work was supported in part by tne U.S. Atomic 


mission 


X9. Self-Detection Method for Studying Neutron Reso- 
nances.* EF. Merzpacner, l/niversity of North Carolina, AND 
H. W. Newson anno P. W. Crurcurieip, Duke University. 


In column 3 of Table I ao(d) = (1/N) In(Io—In)/CUn — Tan) 
Tanne | 
@e(C)(J*) ao(d) ao(C)(s*) I'/A kev 
A146) wr") 20 4014") v/1i8 
Na(53) 27(3") 27: 22(2 O8/21 
F (49) s9(1~) 47 47(2>) 14/2) 
F (27) §2(2°) SY 29(1~) O4/1.5 


barns is the peak total resonance cross section measured by a 
self-detection method; Jo, Jy, and Jey are the experimental 
neutron counts (after correction for potential scattering) 
transmitted through thicknesses of 0, N, and 2N atoms/cm’, 
respectively. oo(d) is subject to no background and much less 
resolution correction than oo(exp), but the statistical error is 
considerably worse. ao(C) in column 2 is calculated by making 
a resolution correction based on the values of /* (in column 2) 
and of '/A (A is the neutron energy spread) in column 4 and 
substituting the calculated transmissions into the above equa- 
tion for ao(d). The values for ao(C)J* in column 2 were ob- 
tained from the assignments of the previous abstract; com- 
paring oo(d) with oo(C), it appears that the corrections are 
small compared to those in the previous abstract. It should 
be noted that, if a larger neutron energy spread is assumed, 
impossible assignments (i.e., reduced widths exceeding the 


Wigner limit) are indicated for F (27) and Na(53) 


* This work was supported in part by the U.S. Atomic nergy Com 


K10. Energy Dependence of Elastic Scattering of Protons 
from V, Cr, Fe, and Co.* Cuakries A. l’reskisr, Jr., Une 
versity of Rochester. The Rochester variable energy cyclotron 
has been used to measure the angular distribution of protons 
elastically scattered from V, Cr, Fe, and Co over the energy 
range of 4.0 to 6.5 Mev. The method used was similar to that 
of Wall and Waldorf! and yields a direct measurement of the 
ratio of the cross section to the Coulomb scattering cross 
section with an accuracy that is independent of angle. ‘The 
ratios o/deu; for vanadium and cobalt are very similar and 
show slow and regular changes with energy. The data for 
chromium and preliminary data for iron shows no such regular 
behavior. In particular, the region in chromium from 5.0 to 
5.5 Mev and in iron from 5.3 to 6.3 Mev shows large changes 
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in 9/ G0 for energy changes of 100 kev. At the present time 
this work is being extended to both higher and lower energies. 


* This work was supported by the U, 8. Atomic Energy Commission. 
N.S. Wall and W, F, Waldorf, Bull. Am. Phys. Soe. Ser, If, 1, 212 (1956). 


K11. Elastic Scattering of Protons from Si*.* J. Vorona, 
J. W. Ovness, W. Harserii, ano H. W. Lewis, Duke Uni- 
versity.—The differential cross section for the elastic scattering 
of protons by Si** has been measured at the four laboratory 
angles, 167.2°, 140.0°, 88.0°, and 53.1° with bombarding 
energies ranging from 1.4 to 3.80 Mev. The proton beam 
energy was determined to 0.1% by a 90° cylindrical electro- 
static analyzer. The target gas, silane (SiH,), was prepared by 
adding Mg,Si to dilute HCI and fractionating the gaseous 
reaction products, Special care had to be used in the prepara- 
tion and use of this gas since it is spontaneously explosive in 
air. The silane was sealed in the scattering chamber by a thin 
AliOs foil (about 2000 A°). These foils were prepared by 
oxidizing one surface of a 0.001-in. aluminum foil and dis- 
solving off the unoxidized surface with HCI. A thin CsI crystal 
(about 0.012 in.) served to detect the scattered protons. 
Resonances have been found at 1.65 Mev, total width 60 kv, 
and 2,09 Mey, total width 25 kv. In addition, a broad reso- 
nance has been found at 2.9 Mev. Superimposed on this broad 
resonance are two narrow resonances at 3.10 and 3.34 Mev 
which have previously been reported' from a study of the 
inelastic gamma radiations from Si**(p,p’,y)Si#*. An analysis 
of the data is now in progress. 

* This work was supported by the U.S. Atomic Energy Commission. 


‘Cohn, Blair, Kington, and Willard, Phys. Rev. 99, 644 (1955); also 
private communication, 


K12. Elastic Scattering of Alpha Particles by Carbon-14.* 
J. A. WeINMAN AND E, A. Sitverstein, University of Wis- 
consin.—The elastic scattering of alpha particles by C has 
been observed for alpha energies between 2 and 3.9 Mev and 
for 06m. =169°, 149.5°, 140.8°, 125.3°, and 90°. The solid 
targets of 38.6% C" were at least 8 kv thick. Energies of both 
the incident and scattered particles were measured with 
cylindrical electrostatic analyzers. Anomalies in the elastic 
scattering were observed at Eq'*® = 2.34, 2.56, 2.65, and 3.7 
Mev. The off-resonance low-energy cross section is normalized 
to Rutherford scattering, and dispersion formalism is being 
used to obtain resonance energies, angular momenta, parity, 


KA 


and reduced widths of the corresponding O'* levels. Prelimi- 
nary results give J=1~ (or 0* ?), 2*, 3> for the first three 
resonances. The Eg =3.7 Mev anomaly is shown to involve 
more than one level. 

* Work supported by the U. S. Atomic Energy Commission, and by the 
Graduate School from funds supplied by the Wisconsin Alumni Research 
Foundation. 


K13. Scattering of 18.4~Mev Alpha Particles by Oxygen.* 
J. C. Corevui, E. BLeucer, anv D. J. Tenpam, Purdue Uni- 
versity.—The scattering of 18.4-Mev alpha particles from a 
gaseous target of spectroscopically pure oxygen was measured 
in the range of 10° to 170° (laboratory) with the aid of nuclear 
plates spaced every 2.5°. The elastic distribution exhibits 
oscillations with deep minima at 46°, 75°, 101°, 114°, 135°, 
and 159° (c.m.). The cross section is about 1000 mb/sterad at 
19°, 0.2 mb/sterad at the 114° minimum, and rises to 300 
mb/sterad at 170° (200 times Rutherford cross section). The 
ratios between successive maxima and minima are as large 
as 50. No estimate of the interaction radius is possible since 
the spacing of the minima is not sufficiently regular. The cross 
section for inelastic scattering, O'* being left in the unresolved 
6.06- and 6.14-Mev states, was measured up to 115°; it shows 
irregular fluctuations with only two pronounced minima at 43° 
and 84° and a rise in the forward direction. It is hoped that 
preliminary results on the scattering by S* can be presented, 
and a summary of the elastic scattering of 18- to 19-Mey 
alpha particles by Ne, Al, A, Cu, and Ag will be given. 

* Supported in part by the U. S. Atomic Energy Commissior 

K14. Measurement of Anisotropic Neutron Spectra from 50 
to 1000 kev with Nuclear Emulsions Containing Specks of Li’ 
Glass.* J. H. Roperts anp F. E. Kiyney, Northwestern 
University.—Extensive studies have been made of the meas- 
urement of anisotropic neutron spectra with Ilford £1 nuclear 
emulsions loaded with a layer of specks of Li® glass.' Calibra- 
tions have been made with rotated plates exposed to monoergi 
neutron groups. Measurements of known neutron spectra 
have been made to check the reliability of the technique. 
Triton-alpha pairs originating in glass specks can be measured 
in the presence of a high proton background. The method of 
analyzing the data and the results obtained will be presented. 


* Work supported by Argonne National Laboratory 


1 Roberts, Haugsnes, and Wood, Phys. Rev. 93, 920 (1954). 





THURSDAY MORNING AT 10:00 


Empire Suite 


(L. J. HAYNER presiding) 


General Physics 


KAI. Trapping of Helium Ions by Molybdenum Surfaces.* 
L. J. VARNERIN AND J. H. CarMICcHAEL, Westinghouse Re- 
search Laboratories.—A study has been made of the ionic 
cleanup or pumping of helium into molybdenum surfaces. It 
has been established that trapping of ions at the surface con- 
stitutes the sole pumping mechanism in this simple case. 
Curves of trapping efficiency » (atoms removed /ions collected) 
as a function of ion impact potential have been obtained. A 
detailed study of the re-emission rates of helium already 
pumped was made to aid in an understanding of the trapping 
mechanism. While the physical mechanism is not well under- 
stood, the contribution of the re-emission mechanism to the 
pumping process can now be understood in some detail. 


* This research was supported in part by the U. S. Air Force through the 
Office of Scientific Research, Air Research and Development Command. 


KA2. Sputtering of Surfaces by Positive-lon Beams of Low 
Energy. Ricuarp E. HoniGc, RCA Laboratories.—lon beams 
of noble gases (He, Ne, A, Kr, and Xe; energy: 30-400 ev; 
intensity: 1-10 4A /cm*) have been employed to bombard Ag, 
Ge, and Ge-Si alloy surfaces. The secondary particles sputtered 
off, and neutrals as well as positive and negative ions were 
identified and recorded in a 180° mass spectrometer of 5.5-in. 
radius. They represented partly background gases adsorbed on 
the surface, partly atoms and molecules characteristic of the 
sample. Among the latter particles, neutrals were found to be 
about 100 times more abundant than those coming off as 
positive ions. Rather low yields (about one sample atom per 
100 incident ions of 400-ev energy) and relatively high thresh- 
olds (about 40 ev for an incident angle of 30°) are believed to 
be due to surface contamination. After bombardment, the 
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surfaces showed pits similar to those observed by Wehner! and 
to etch pits. Effects of various sputtering parameters on yield 
and threshold will be discussed and more details given con- 
cerning the sputtered particles observed. If the effects of 
surface contamination can be reduced, this method promises 
to be useful in the analysis of solid surfaces. 


1G. K. Wehner, Phys. Rev. 102, 690 (1956 


KA3. Ion Induced Re-Emission of Noble Gases from the 

Surface of a Metal Wall Ion Gauge.* :. A. TRENDELENBURG 
AND J. H. CARMICHAEL, Westinghouse Research Laboratories. 
It is well known that gases absorbed in metal surfaces can be 
released by means of an electron! or ion? impact. Using a mass 
spectrometer to identify the different masses, as described by 
Brown and Leck,* experiments were performed in which vari- 
ous noble gases were driven into a metal surface via ion bom- 
bardment at 100 ev and were released by subsequent ion 
bombardment with different noble gases. The gases used in- 
cluded helium, neon, argon, and krypton, which were all used 
both as the absorbed and the bullet gas in all twelve possible 
combinations. The re-emission rate, dn/dt, for gas M,, the 
absorbed gas, being released by gas M., the bullet gas, is a 
function of both MW, and Mz. The re-emission curves, dn/dt vs t, 
although not single exponentials as expected from a simple 
picture, may be described in some cases by a summation of 
two or more exponentials indicating different ion induced re- 
emission terms. 

* This project was supported by the U. S. Atomic Energy Commission 

1W. Von Meyeren, Z. Physik 91, 727 (1934). 


2H. Schwarz, Z. Physik 122, 437 (1944) 
+h. Brown and J. H. Leck, Jr., J. Appl. Phys. 6, 161 (1955 


KA4. Charge Analysis of Helium, Neon, and Argon Single 
Collisions at Energies to 100 kev.* EX. N. Furs, P. R. Jones, 
AND FE. Evernart, L’niversity of Connecticut.-The charge 
states of scattered helium, neon, and argon ions incident on 
similar yas targets have been measured at each angle out to 
forty degrees with a resolution of one degree.’ Data are pre- 
sented for Het—+He, Ne, A; Net—*Ne, A; and At—+A single 
collisions at energies of 25, 50, and 100 kev. The ion beam 
traversed a collision chamber containing 4 target gas whose 
pressure was maintained low enough to insure single inter- 
actions. The scattered particles at each angle passed through a 
pair of collimating holes and then through an electrostatic 
analyzer which separated the various charge states. The 
collision products were detected by a Faraday Cage and a 
secondary election multiplier and were found to have charge 
states ranging from zero to seven times ionized depending on 
the gases and energy involved. Plots of the percentages of the 
various charge states us angle indicate a functional dependence 
on both energy and angle. 

* This work was sponsored by the Office of Ordnance Research through 
the Ordnance Materials Research Laboratory at Watertown and the 


Springfield Ordnance District 
1 See also Carbon, Fuls, and Everhart, Phys. Rev. 102, 1524 (1956 


KAS. Phenomenological Theory of Ionization Produced by 
High-Energy Atomic Collisions.* AkNoLD RusseK, University 
of Connecticut.—-When two atoms collide at high energies, the 
scattered systems may become ionized, as discussed in the 
preceding paper. A phenomenological theory has been de- 
veloped which accounts for the respective probabilities that 
the scattered systems will be found in the various states of 
ionization. The collision ionization is regarded as a two-step 
process. First, as the two charge distributions sweep through 
each other, a relatively small amount of energy Er is trans 
ferred from the kinetic energy of translation to the internal 
similar to the frictional transfer of 
This energy transferred depends 


degrees of freedom, 
mechanical energy to heat 
on the relative trajectory pursued and, therefore, on the 
parameters describing the collision. Second, this “heat” energy 


evaporates some of the electrons. The statistics of evaporation 
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from small systems has been studied, giving the probabilities 
of the states of ionization as functions of Er and, therefore, 
of the collision parameters. The theory accounts for data 
obtained for A+ on A scattering at 25, 50, and 100 kev. 


* Sponsored in part by the Office of Ordnance Research, U. S. Army, 
through the Watertown Arsenal and the Springfield Ordnance District 


KAO. Use of an Electro-Optical Method to Determine 
Detonation Temperature in High Explosives.* F.C. Ginson, 
M. Bowser, C. R. Summers, F. Scorr, anp C. M. Mason, 
Bureau of Mines..-A method has been devised for sampling 
the radiation from the interior of a detonating solid explosive 
charge by introducing a transparent methyl methacrylate rod 
axially into the charge at the time of fabrication, The radia- 
tion was analyzed by a grating spectrograph using four bands 
100 A wide, 600 A apart. The radiation intensities were used 
to calculate the color temperatures within the detonating 
explosive. The apparatus was calibrated by a radio-frequency 
excited lamp known to have gray-body radiation. The ex 
plosive charges were vacuum impregnated with propane to 
replace the air in the intergranular voids to eliminate light 
emission from the air shock. The temperatures obtained at 
two densities were 


Substance 1.0 g/em* 1.6 g/cm" 
PETN §250°K §750°K 
letryl 4750°K 5400°K 
RDX S800" K S000°K 
EDNA 5500°K §250°K 
The temperature obtained from detonating nitroglycerin 


looking end-on through the undetonated explosive without a 
plastic rod was 4100°K., 

* Supported by the Office of the Chief of Ordnance, U.S. Army 

KA7. Static Electrification of Filaments: Effect of Resis- 
tivity on Velocity Dependence of Transferred Charge. Kk. G 
CUNNINGHAM AND I). J. MonrGomery, Michigan State Uni- 
versity. Charge transfer upon rubbing filaments under con 
trolled mechanical and ambient conditions was investigated by 
Hersh and Montgomery.’ With their apparatus it was not 
possible to determine directly whether the charge observed 
was limited by atmospheric breakdown. A new apparatus has 
been built for making similar measurements, with a photo- 
multiplier placed near the samples to detect sparking upon 
breakdown. The majority of the results of Hersh and Mont- 
gomery are confirmed. Further results have been obtained for 
charge dependence on velocity v, at varying resistivity p. The 
resistivity is determined by fixing relative humidity and 
ambient temperature. As suggested by theory, the charge 
retained on the filaments of fixed geometry is found to depend 
to a large extent on the product epv, where ¢ is the dielectric 
constant 

'S. P. Hersh and D. J, Montgomery, Textile Research J. 25, 279 (1955 

KA8. Some Regularities in Energy Coefficient (EC) Values. 
N. Erremov.—Energy coefficient (a concept introduced by 
Fersman) is an empirical constant representing contribution 
of an element to the lattice energy of its compounds, The 
formula for calculation of EC values for monovalent alkaline 
ions was given before.! On the basis of the EC values for 
monovalent alkaline ions (Li't, Na't, K'*, ete.) the EC values 
for other ions may be obtained due to a simple regularity. The 
energy coefficients for ions with increasing valence situated 
along the diagonal in the Periodic System, such as Li'*, Mg?**, 
Sc**, or Na'*, Ca?*, Y**, are related as squares of their valences 
(17:27: 3? or 1:4:9). These EC values are in good agreement 
with Fersman’'s* empirical data, e.g 


lons Li'* Mg"* Se** 
Calculated EC's 0.55 2.20 4.95 
Empirical EC's 0.55 2.15 465 


'N. Efremov, Bull. Am. Phys. Soc, Ser, 11, 1 (1956). 
7A. FE. Fereman, Geochem. (U.S.S.R.) 11, 92 (1937) 
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KA9. Gyratron--A New Solid State Quantum-Mechanical 
Amplifier.* M. W. P. SrranvperG, M, I, T.—Of the several 
methods of realizing a coherent electromagnetic amplifier 
using quantum-mechanical energy levels, there is one we 
choose to call the Gyratron, or “electron spin tool."’ Some of 
the possible operating characteristics of such a device will be 
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described. The use of a Gyratron as a thermal amplifier, or as 
a radio telescope preamplifier, or as a radar or scatter com- 
munications preamplifier will be discussed 

* This work was supported in part by the Army (Signal ( orps), the Air 


Force (Office of Scientific Research, Air Research and Development 
Command), and the Navy (Office of Naval Research) 





THURSDAY AFTERNOON AT 2:00 


Manhattan Center 


(H. D. Smytua presiding) 


Joint Ceremonial Session of APS and AAPT 
Retiring Presidential Address of the American Physical Society 


LI. Relativistic Concepts and Quantum Phenomena. E. P. WiGNER, Princeton University. 


(W. C. MICHELS presiding) 


Presentation of the Oersted Medal of the AAPT 
Response of the Oersted Medallist 


L2. Fashions in Thermodynamics. Mark ZEMANSKY, College of the City of New York. 


Fifteenth Richtmyer Memorial Lecture of the AAPT 


L3. Antinucleons. Emitio SeGré, University of California, Berkeley. 





FrmpAY MORNING AT 9:30 


Terrace Room 


(W. A. NIERENBERG presiding) 


Magnetic Resonance, II; Positronium 


M1. Paramagnetic Resonance Detection along the Polar- 
izing Field Direction. G. WuitrieLp AND A. R. REDFIELD, 
IBM Watson Laboratory.--Several writers' have suggested 
modifying the Bloch equations so that the magnetization will 
tend to relax toward the instantaneous applied magnetic field 
rather than the fixed field. For the case where a fixed field 
(/1,) and a perpendicular circularly polarized rf field (#1) are 
applied to a sample, both the modified and unmodified Bloch 
equations have exact steady state solutions which differ from 
each other appreciably when /, is smaller than //, or the line 
width in gauss. In the case where 7,=0, the modified equa- 
tions give a finite dc magnetization in the z direction (M,) and 
the unmodified equations give M,=0. The 2 component of 
the electronic spin magnetization of diphenyl pycril hydrazil 
was measured, with H, ranging from +20 to —20 gauss and 
with a circularly polarized rf up to 6 gauss at 19.5 mc. The 
de magnetization was observed by turning the rf on and off at 
280 eps and picking up the resultant changes in magnetization 
with a 30-thousand turn coil oriented along the z axis. The 
measurements agree with the predictions of the modified Bloch 
equations. In particular, a clear indication of the existence of 
a s component of magnetization was obtained when H, =0. 


' Codington, Olds, and Torrey, Phys. Rey. 95, 607 (1954); M, A, Garstens 
aod J. 1. Kaplan, Phys. Rev, 99, 459 (1955). 


M2. Paramagnetic Resonance Spectrum of Gd** in CaF,.t* 
W. Low, University of Chicago..-Paramagnetic resonance 
spectrum has been observed at room and liquid helium tem- 
peratures on single crystals of CaF, containing less than 0.05% 
of Gd. The spectrum consists of seven lines, three on each side 
of the 4-—+—}4 transition at the approximate distances of 
10:6:5. The spectrum is characteristic of a cubic field and 
indicates that any vacancy or interstitial F~ ion must be far 
removed from the trivalent ion. The spectrum can be fitted 
with g=1.991+0.002 and 6=+-0.0175 cm™, where 84 is the 
total splitting of the *S;/2 ground state of gadolinium in a cubic 
field. The positive sign of 6 was determined from relative 
intensity measurements of the fine structure lines at liquid 
helium temperature. The difference in the spectra reported by 
Bleaney et al.! on Nd** in CaF, and ours may possibly depend 
on the way the crystal was prepared and on the concentra- 
tion of the trivalent impurities. 

* This work was supported by the U. S. Atomic Energy Commission 


' Bleaney, Liewellyn, and Jones, Proc. Phys. Soc. (London) B69, 858 
(1956). 


M3. Hyperfine Structure and Liae Width in F-Center Spin 
Resonance.* G. J. WoLtGa ann M. W. P. SrRANDBERG, 
M. I. T.-—The paramagnetic resonance spectrum of F centers 
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in alkali halide single crystals is being investigated at room 
and low temperatures. Hyperfine structure has been resolved 
completely in LiF and NaF and partially in NaCl. The ob- 
served line widths are interpreted as arising from interaction 
with surrounding nuclei of the alkali halide lattice. The spacing 
of the hyperfine lines is interpreted on the basis I-S type of 
interaction. 

* This work was supported in part by the Army (Signal Corps), the Air 


Force (Office of Scientific Research, Air Research and Development 
Command), and the Navy (Office of Naval Research). 


M4. Spin Relaxation Spectroscopy with Water. S. 
BROERSMA, Northwestern University.—The existence of a water 
atmosphere around para or diamagnetic ions in solution causes 
the rate of relaxation to vary locally while at the same time 
it prevents a rapid averaging. The customary ac modulation 
of the magnetic field produces the transient conditions which 
enable the observation of two relaxation phases. These water 
molecules, or protons, for which the average time of adsorption 
is close to the local relaxation time, prevail in the observation 
The transient rate of relaxation of the entire sample is approxi- 
mately equal to this rate of adsorption and to the sweep fre- 
quency at which the magnetizations of the phases balance 
The lifetime found for the inner layer of water surrounding 
trivalent ions, by studying diamagnetic solutions, is ten 
milliseconds. For dilute paramagnetic solutions the values 
range from three hundred to one microsecond, decreasing with 
increasing distance to the ion. The water atmosphere changes 
from one or two layers for dilute to two or three layers for 
concentrated solutions. Ice crystals with four layers’ radius and 
three milliseconds’ lifetime show up. The phases are dis- 
tinguished on the basis of their relaxation history. The signal 
of the weak relaxation phase can be diminished by inducing 
eddy currents in the magnet iron, de-uniformizing the field. 


MS. Production of Triplet P States of Helium in a Beam.* 
J. A. Wuarre, V. W. HuGues, C. Drake, anp A. Lurio, Yale 
University. -The M=-+1 magnetic substate of a refocused 
beam of metastable 4S; He atoms was selected by use of a 
wire stop in an atomic beam magnetic resonance apparatus.' 
Unpolarized light from a low voltage, 60-w helium arc lamp 
(Osram spectral lamp) caused a defocusing of about 10% of 
the refocused beam, which corresponds to a detected signal 
of 2X10 amp. The defocusing (light flop) is interpreted as 
due to a change in M value which can be associated with the 
process of excitation of a *S; atom to a */ state and its subse- 
quent decay back to the 4S, state. The use of optical filters 
indicated that the excitation is primarily to the 1s 2p, 4P 
states, which occurs at a wavelength of 10 830 A. The amount 
of defocusing agrees in order of magnitude with the theoretical 
estimate. The production of the n=2, *? states of He in a 
beam should allow a high precision measurement of the fine 
structure separations of these states by a combined optical- 
microwave atomic beam magnetic resonance method.? 

* This research has been partially eapoeried by the National Science 
Foundation and by the Air Force OSR 


' Hughes, Tucker, Rhoderick, and Weinreic h, Phys. Rev. 91, 828 (1953). 
? Perl, Rabi, and Senitsky, Phys. Rev. 98, 611 (1955) 


Mo. Zeeman Effect of Neon and Argon in Metastable *P, 
State.* C. Drake, V. W. HuGues, ann A. Lurio, Yale 
University.—The electronic gy values of neon and argon in 
their metastable *?, state have been measured by the atomic 
beam magnetic resonance method.' The metastable atoms 
were produced in a glow discharge and detected by electron 
ejection from a wire. The magnetic field of about 550 gauss 
was calibrated by use of a Zeeman transition in the metastable 
4S, state of helium.? The theoretical g values were calculated 
to the experimental precision taking into account quantum 


electrodynamic and relativistic contributions and state per 


turbations.*? The experimental and theoretical results agree 
and are 


av (expt gs (theoret 
Ne 1.5009 +0. 0001 1.5009 40.0001 
A 1.5009 + 0.0001 1.5010 + 0.0001 


The Zeeman transition in the metastable #7, state of krypton 
was observed with an intensity considerably less than that 
for Ne and A. 

* This research has been partially supported by the Air Force OSRD. 

! Weinreich, Tucker, and Hughes, Phys. Rev. 87, 200(A) (1952) 

* Hughes, Tucker, Rhoderick, and Weinreich, Phys. Rev, 91, #°8 (1953) 


*W. Perl and V. W. Hughes, Phys. Kev. 91, 842 (1954); Abragam and 
Van Vieck, Phys. Rev. 92, 1448 (1954); W. Perl, Phys. Rev. 91, 852 (19535) 


M7. Delayed Coincidence Analyzer for Short Lifetime 
Measurements. A. W. SuNyAr, Brookhaven National Labora- 
tory.*—A simple modification of the usual pulse limiter-diode 
mixer coincidence system has been placed in operation, The 
charge passed by the coincidence diode during overlap of the 
shaped, limited signals is made approximately proportional to 
overlap time. This charge is integrated and time information 
is obtained by analysis of the resulting coincidence output 
pulse amplitude distribution. The new method results in a 
considerable reduction in the time for collection of data 
Analysis of the data for time information will be discussed. 
Measurements have been made on the mean life of positrons 
in Pb. We find rp, = (1.640.15) K10~” sec, in agreement with 
some previous determinations,' but in disagreement with a 
recent determination.?, Mean lives have been determined for 
the following nuclear gamma rays: Pb®’(570 kev), (I 140.15) 
K10°" sec; Hg'*(411 kev), (2.641.5)K10™" sec; Xe (364 
kev), ~3«10 "! sec, and Te!*(564 kev), <2K10°" sec. The 
measured mean lives of the states in Pb®’ and Hg'* are in 
agreement with the determinations of other workers. 

* Under the auspices of the U.S, Atomic Energy Commission. 


‘RK. E. Bell and R. L. Graham, Phys, Rev. 90, 644 (19535). 
*T. R, Gerholm, Arkiv Fysik 10, 523 (1956). 


M8. New Tvpe of Apparatus for Measurement of the 
Angular Correlation of Annihilation Radiation.* Ropo.tro 
CASTILLO-PAHENAT AND Wacter FE. Mitvert, University of 
Texas.—The apparatus described in previous investigations of 
this type! makes use of two rectangular collimators. The 
angular acceptance in one plane is made narrow but that in 
the other plane is broad. The new type of apparatus makes use 
of a circular slit in one collimator and a circular hole in the 
other. The advantages obtained by this arrangement may be 
understood by considering the following fact. If one of two 
annihilation gamma rays correlated at an angle 6 passes along 
a line, then its partner must pass along a cone of angle @ which 
is symmetric about the line of the first. The new arrangement 
therefore has an increased solid angle without deterioration of 
the resolution. In fact, both the solid angle and the resolution 
are increased by going from rectangular slits to circular slits 
The method of determining the resolution curves of the ap- 
paratus and of correcting the data according to these resolution 
curves will be discussed. 

* This research was geqgernes by the U. S. Air Force through the Air 
Force Office of Scientific Research of the Air Research and Development 
Command. 

t Recipient of an FE. D. Farmer Scholarship and a special study grant 
from the Instituto Tecnologico de Monterrey. 

1 De Benedetti et al, Phys. Rev. 77, 205 (1950); Lang ef al., 
99, 596 (1955); A. T. Stewart, Phys. Rev, 99, 594 (1955); Page ef al 
Kev, 98, 206 (1955). 


Phys. Rev. 
. Phys 


M9. Angular Correlation of Annihilation Radiation in Alkali 
Halide Crystals.* Wavtrer EF. MILLer?T AND RopoLro CAsTILLo- 
BAHENA,t University of Texas.-The apparatus described in 
the preceding paper has been used to measure the angular 
correlation of the two photon annihilation gamma rays pro- 
duced when positrons annihilate in single crystals of LiF, 
NaCl, KCI, KBr, and KI, There are definite well-resolved 
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pesks in the momentum distribution obtained from the 
analysis of this data. The position of these peaks is accounted 
for quantitatively in terms of the following model. The posi- 
tron is thermalized and then becomes bound to the halogen 
ion in the crystal. The annihilation then takes place with either 
(1) an electron belonging to the system to which the positron 
is bound or (2) an electron from outside the system. The re- 
sultant momentum of the two photons depends in the first 
case upon the binding energy of the positron to the halogen 
ion, the binding of the electron to the neutral halogen, and the 
excitation or ionization energy of the recoil neutral halogen. 
In case (2) the momentum resultant depends essentially only 
upon the binding energy of the positron to the halogen ion. 

* This research was supported by the U, S. Air Force through the Air 
Force Office of Scientific Research of the Air Research and Development 
Command under Contract, 


1 Recipient of an_E. 1), Farmer Scholarship and a special study grant 
from the Instituto Tecnologico de Monterrey. 


M10. Redetermination of Hyperfine Structure of Posi- 
tronium.* S. Marper ann C. S. Wu, Columbia University, 
AND V. W HuGues, Yale University and Columbia University. 

The energy difference Av between orthopositronium and 
parapositronium in the ground n=1 state has been redeter- 
mined in an experiment similar to that of Deutsch, Brown, 
and Weinstein.’ The present experiment was done at a mag- 
netic field H of about 8000 gauss which corresponds to a 
transition frequency of 2460 Mc/sec. A fractional line width 
(AH/11) of 4.51078 was obtained. The principal part of the 
line width (3,1%10°%) is due to the annihilation lifetime of 
positronium; microwave power broadening and magnetic field 
inhomogeneity account for the remainder. No Doppler broad- 
ening is expected despite the high velocity of positronium 
atoms, because the mean free path of a positronium atom in 
the gas is small compared to the wavelength of the microwave 
radiation.? The result is Av = (2.0333 4-0.0004) K10® Mc/sec, 
in which the error is due mainly to inhomogeneity of the mag- 
netic field. This value agrees with the values of Deutsch et al. 
of (2,0338+0,0004) * 108 Mc/sec and (2.0335 +-0.0005) x 10° 
Mc/sec done at fields of 9500 and 9000 gauss, respectively. 
The experimental values confirm the theoretical value of 
2.0337 K10® Mc/sec, computed to order a'Ry.* 

* This research has been partially supported by the U. S. Atomic Energy 
Commission, 

' Deutsch, Brown, and Weinstein, Phys. Rev, 85, 1047 (1952); 94, 758(A) 
(1954); 9B, 224(A) (1955). 


1). P. Wittke and R. H. Dicke, Phys. Rev. 103, 620 (1956). 
*R, Karplus and A. Klein, Phys, Rev, 87, 848 (1952). 


M AND MA 


M11. Long Positron Lifetime in Liquid Helium. D. A. L 
PAUL AND R. L. Granam, Chalk River Laboratories.—A more 
detailed study of positron annihilation in liquid helium has 
revealed the presence of a longer lived component in addition 
to the two shorter components reported previously.' A long- 
lived component has also been detected recently by other 
workers.? The mean life is found to be (9.1+0.5) K10~* sec at 
4.2°K and atmospheric pressure and the intensity is estimated 
to be ~13%. The annihilation pulse height spectrum taken 
in delayed coincidence has been compared with those of 
positrons in freon 12 and in metals. A comparison of spectrum 
shapes shows that nearly 60% of the long-lived component in 
liquid helium decays by three-quantum emission. We conclude 
that the long-lived component is due to triplet positronium 
having essentially free state properties since both the lifetime 
and the spectrum shape analysis indicate similar amounts of 
quenching. Experiments in liquid and solid helium under 
various conditions (temperature 1.4 to 4.2°K and pressures 
up to 68 atmos) show that che long lifetime (a) is not influenced 
noticeably by the superfluid state and (b) decreases in general 
with increasing helium density 


Phys. Soc 
Am, Phys 


Ser. II, 1, 68 (1956) 
Soc. Ser. II, 1, 351 


1 Graham, Paul, and Henshaw, Bull. Am 
2). D. Wackerle and R. Stump, Bull. 
(1956). 


M12. Free-Positron Annihilation in Liquid Helium. R. L. 
GRAHAM AND D. A. L. Pau, Chalk River Laboratories.-The 
most intense positron lifetime component in liquid helium has 
been re-examined in the light of the information presented in 
the preceding abstract. After correcting for the presence of the 
long-lived component we now find the mean life to be (1.83 
+0.15) X10~% sec at 4.2°K and one atmosphere pressure. This 
is shorter than the uncorrected value reported previously.' 
Using four NaI (Tl) scintillation counters and a Na™ source 
the three quantum annihilation rates in coincidence with 1.28- 
Mev photopeak pulses have been measured at various time 
delays and for various absorbers. From these experiments we 
determine that the part of the three-quantum rate associated 
with the 1.810% sec component in liquid helium is, within 
errors, the same as that in metals and is much less than that 
to be expected if this component were due to some form of 
triplet positronium. Experiments 
1.5°K under saturated vapor pressure suggest (a) no detect- 
able change in mean life near the A point and (b) a decrease 
in lifetime with increasing density. This lifetime component 
appears to be due to the annihilation of free positrons 


at temperatures down to 


' Graham, Paul, and Henshaw, Bull. Am. Phys, Soc, Ser. II, 1, 68 (1956 





FRIDAY MorNING AT 10:00 


Panel Room 


(J. A. WHEELER presiding) 


Theoretical Physics, III: Strangle Particles, Other Topics 


MAI. Mass Differences of Baryon Isotopic Multiplets.* 
E. C. G. SuparsHan ann R. E. Marsnak, University of 
Rochester.—-The mass differences among the components of 
the various baryon isotopic multiplets, interpreted as electro- 
magnetic in origin, enable one to infer certain parameters con- 
cerning the anomalous magnetic moments of the baryons. It 
is postulated that the anomalous moments arise from the 
strong coupling of the baryons to the pion and K-meson fields. 
We have shown! that the larger mass of the =~ relative to 2+ 
is inconsistent with a pseudoscalar coupling of the N2K (and 
ZK) fields, while scalar coupling predicts a mass difference 


of the correct sign. For scalar coupling, the dominant contribu- 
tion to the anomalous moment comes from the Dirac moment 
of the baryon in the intermediate state, if one neglects the 
effect of very high frequency virtual K mesons. Calculations 
for the neutral = show that its anomalous moment and mass 
lie between the values of the corresponding quantities for =* 
and 2~. Scalar coupling of the Z field to K mesons leads to a 
negative anomalous moment for Z~ and no moment for Z°; the 
coupling to the pion field leads to approximately equal and 
opposite moments. Scalar coupling of the nucleon to K-mesons 
leads to an almost equal enhancement of the pion contribu- 
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tions to the anomalous moments of N° and N*. The effects on 
the mass differences among the components of the Z and N 
baryons will be presented. 


* This work has been supported in part by the U. S. Atomic Energy 
Commission, 
1k. C. G. Sudarshan and R, &. Marshak, Phys. Rev. 104, 267 (1956 


MA2. A-Nucleon Force with SX =}.* M. T. VAUGHN AND 
D. C. Peaster, Purdue University —Pion exchange A—N 
forces are estimated in accordance with the possibility that 
the spin of the intermediate 2 state may be }.' The A is taken 
to have S =} and the same parity as the 2, and a phenomeno- 
logical interaction operator (S-V) assumed with matrix ele- 
ments proportional to Clebsch-Gordan coefficients for vector 
addition 4+1= 3. The term corresponding to V2 in ordinary 
nuclear forces does not operate directly but only through 
mixing in Z states. Its effect is therefore dependent on the 
structure of the nuclear core in a hyperfragment, but this 
structure dependence appears negligible in the present case. 
The A—N potential (V2)? + V, in the region ur~1 is attractive 
but only quite weakly spin-dependent. 


* Assisted by Air Force Office of Scientific Research 
1 Seattle Conference (September, 1956), 


MA3. Photoproduction of K Mesons.* Masaaki Kawa- 
GucHI, Purdue University.—The processes y + p—-K* + A® and 
vy +p-~K°+2* are investigated in terms of the lowest order 
perturbation calculation, on the assumption that the nucleon- 
hyperon pair coupling is relatively weak. The K-+A cross 
sections are obtained straightforwardly by simple modifica- 
tions of the results of photo-pion production. For example, 
(i) with A=4* and K =0*, or A=4°> and K =O, the result of 
s(s) meson theory is available, and (ii) ps(ps) theory for 
A=4t and K=0-, or A=4° and K =0*, The former shows a 
peak at forward laboratory angles and the latter does not. 
Therefore, if experiment could distinguish between a single 
one of these angular distributions and a superposition of the 
two, it would in principle be possible to decide whether or 
not the A, K are parity doublets. For production of K +2 the 


treatment is more complicated if the 2 spin is taken as §. 


* Supported by the Air Force Office of Scientific Research 


MA4. Hyperon-Nucleon Interaction and Hyperon-Ex- 
change Scattering.* 1D. B. LicuteENBERG AND Marc Ross, 
Indiana University..-Using a previously described model for 
the interaction between pions and hyperons, a 2 by 2 matrix 
potential has been calculated which describes the forces be- 
tween hyperons and nucleons. The diagonal elements are 
A-nucleon and 2-nucleon potentials while the off diagonal! ele- 
ments describe the hyperon-exchange processes + IA + IL. 
The use of this matrix potential in the Schrodinger equation 
leads to two coupled differential equations (or four in the case 
of tensor forces) whose solutions yield the low-energy hyperon- 
nucleon elastic and inelastic scattering cross sections. It is 
observed experimentally that the binding energy of the A in 
hyperfragments increases approximately linearly with the 
atomic number A of the fragment in the range A =3 to A =8 
The data can be fitted with phenomenological A-nucleus poten- 
tials. Under certain simplifying assumptions, it is possible to 
relate these potentials to a spin-dependent A-nucleon poten- 
tial. This phenomenological A-nucleon potential is then com- 
pared with the low-energy scattering solutions of our model. 
The ratio for A to 2 production in nuclei predicted by these 
solutions will also be discussed. 


* Work supported by the National Science Foundation. 
1D. B, Lichtenberg and Marc Ross, Phys. Kev, 103, 1131 (1956), 


MAS. Scattering of K* Mesons by Protons. B. H. Mc- 
Cormick* anp R. M. Srernuermmer,* Brookhaven National 
Laboratory, AND ABRAHAM KLEIN,t University of Pennsyl- 
vania.—The scattering of positive K mesons by hydrogen has 


ae 


been investigated under the dual hypotheses that (i) the K 
meson has spin zero, and that (ii) the K meson can emit and 
absorb pions singly. In the field theoretic analysis, the poten- 
tial acting between a A particle and a nucleon has been 
calculated, including those contributions arising from the 
exchange of at most two pions. Turning then to the phenome- 
nological analysis, without making a definite commitment as 
to the specific form of the AK-P potential, we have separated 
the Schrodinger equation into partial waves. The eigenphases 
and mixing parameters which asymptotically define the solu- 
tions of this coupled equation are then related to the scattering 
amplitude, the differential and total cross section. Guided by 
the field-theoretic potential, a variety of phenomenological 
potentials have been tested. A fit to the preliminary data 
seemingly requires destructive interference between those 
contributions to the scattering from virtual hyperon formation 
and that contribution from the Schwinger pion exchange 
mechanism, specifically, a repulsive core radius re-< 107" em 


and ge?/4a <0.2, are at present indicated, 


* Work done under the auspices of the U.S, Atomic Energy Commission 
tT Supported in part by the Air Force Research and Development 
Command 


MAO. Hyperfragment Binding with Parity Mixing.* Launit 
M. Brown, Northwestern University.—The suggestion that 
there may exist two A°-particles of opposite parity and the 
possible existence of strong interactions which can change 
the intrinsic parity lead to consideration of a phenomeno 
logical potential for hypernuclear binding of the form V(r) 
+ (@-r)CpVo(r), where r is the position vector of the A® with 
respect to the center of mass of the nuclear “core,” @ is the 
spin vector of the (spin 4) A®°, Cp is the operator introduced by 
Lee and Yang which changes the intrinsic parity of the A’, 
and V,(r), V(r) are central scalar potentials. The lowest 
bound state of this potential is a mixture of S and / states 
Assuming the A—WN force to be of relatively short range, V; 
and Vz are taken as square wells having the radius of the 
nuclear “core,” and a variation-iteration procedure is used to 
determine the well depths and the percent of /’-state for given 
c= V/V». The mixing is appreciable, e.g., for 6-Mev binding 
energy (,Be") the percentages of P state are about 21, 14, 9, 
5 for c=0, 4, 1, 2, respectively. 


* Supported in part by the U. S. Atomic Energy Commission 


FREENBERG AND HL, 
The possible existence 


MA7. x*-+x*+e*+v+8 me. E. 
Primakorr,* Washington University 
of this decay process is suggested by the observation of events 
interpreted as K*t—>n®+y*+v and Kt-ew® +e' +4. The occur 
rence of Kt-eyt+» and wt-eyut+ey and the absence of 
Kt—+e* +» and wt—+et+y reinforces the suggestion. Simple 
phase space calculations indicate 10°*/pion for the expected 
yield. Various theoretical connections between this and other 
K* and w* decay process will also be discussed. ‘The #*-+x’ 
tet+yv reaction can be detected, against an overwhelming 
background of normal w*t-ey* +» decays, by coincidence ob 
servation of four photons occurring in oppositely directed 
pairs with energy m.* per photon for the pair from the subse 
quent e* annihilation and 132 m,c* per photon for the pair 
from the decay of the x. 


* Supported by the joint program of the Office of Naval Kesearch and the 
U.S. Atomic Energy Commission. 


MAS, Level Shift of Mesic Atoms. L. Wo_rensrein, Car- 
negie Institute of Technology. —The sign and order-of-magni 
tude of the level shift of the ground state of w-mesic atoms has 
been calculated' from the meson interaction with individual 
nuclear nucleons at rest. Brueckner* has considered the cor- 
rection to this calculation due to nucleon motion by treating 
the virtual meson absorption by a method equivalent to 

econd-order perturbation theory with a recoil term, Instead 
we have related the effect of the nucleon motion to the meson- 
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nucleon p-wave scattering by use of an effective meson-nucleon 
(velocity-dependent) potential and the Born approximation. 
This method has the advantage of taking into account the 
great deviations of meson scattering from second-order per- 
turbation theory but the disadvantage of ignoring the en- 
hancement of the virtual absorption due to small energy de- 
nominators. The main contribution to our result comes from 
interactions in the 33 state whereas the virtual absorption 
occurs only for the 11 state. As a consequence, our result for 
this effect has the opposite sign from Brueckner's although it 
has about the same magnitude. We believe the correct result 
lies between the two. 


' Deser, Goldberger, Bauman, and Thirring, Phys, Rev. 95, 774 (1954). 
7K. A. Brueckner, Phys. Kev, 98, 769 (1955), 


MA9. Vacuum Polarization and the x® Decay. I. A. 
Wetton, Oak Ridge National Laboratory.—The calculation of 
decay rates for many of the short-lived particles is complicated 
not only by uncertainty as to the fundamental interactions, 
but also by theoretical ambiguities which are closely related 
to the elementary vacuum polarization problem. In view of 
the strong suspicion that the vacuum polarization difficulty is 
a valid mathematical consequence of an incorrectly formulated 
theory, a reformulation has been studied which eliminates the 
obvious difficulties of the vacuum polarization, without re- 
course to renormalization or convergence factors. The decay 
of the neutral » meson into two photons presents an interesting 
contradiction, according to conventional theory. A definite 
lifetime is predicted which is much shorter than the observed 
figure. Because pseudoscalar and pseudovector couplings give 
the same result, appeal to pair suppression seems unreason- 


AND N 


idle. The reformulation to be discussed gives an identically 
vanishing result for the triangle diagram, and it can then be 
hoped that agreement with experiment can be obtained from 
more complicated graphs. Similar improvements appear in 
other problems. The square diagram in meson theory now 
gives a finite, unambiguous contribution, as do the graphs for 
particle decay by creation of a virtual nucleon pair, with 
subsequent annihilation. 


MAIO. Radiative Corrections to Positron Annihilation. 
ISADORE HARRIS AND LAuRIE M. Brown, Northwestern Uni- 
versity.—The e* corrections to the two-photon direct annihila- 
tion of the electron-positron system are calculated by applying 
the substitution law to the Compton svattering radiative cor- 
rections.' As the corrected plane wave matrix element diverges 
for small velocity, owing to failure of the Born approximation, 
a more accurate treatment of Coulomb effects based on the 
Sommerfeld factor is used. The infrared divergence is treated 
in the usual manner, namely by the addition of the low- 
frequency part of the three quantum annihilation cross section. 
Since the results' of BF are expressed as the real part of a 
transcendental function which becomes complex ‘for annihila- 
tion, a new separation of the real part is performed. Numerical 
results, together with high- and lowe-nergy approximations, 
are obtained. The cross sections are reduced by about 4% at 
10 Mev (lab) and 0.59% at zero energy. The latter result, 
applied to the positronium singlet ground state, yields a life- 
time increase of the same magnitude. It is shown that the 
usual treatment of the positronium lifetime is of sufficient 
accuracy for the e® corrections. 


'L. M. Brown and R, P. Feynman, Phys. Rev. 85, 231 (1952 
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Low-Energy Neutron Physics 


NA1. Gamma-Ray Transitions in Erbium Excited by Reso- 
nant Neutron Capture.* C. A. FrensterMacuer,t R. L. 
Hickok,t anon H. L. Scuuttz, Yale U'niversity.—The low- 
energy gamma-ray spectra resulting from resonance-energy 
neutron capture in erbium§$ have been examined for the reso- 
nances at 0.46, 0.58, 6.1, and 9.5 ev. The Yale linear electron 
accelerator was used as a source of photoneutrons and time-of- 
flight techniques employed. Pulse-height analyses were ob- 
tained with a 24 in. Nal(Tl) scintillation crystal and two 
multichannel pulse-height analyzers operating simultaneously. 
Gamma rays of energy 188+10, 280410, 730420, and 
820420 kev were observed. The 188-kev gamma ray was the 
most intense in number of photons per 100 neutron captures 
(~50) and appeared with equal intensity in all four resonances 
within an experimental error of 25%. The 280-kev transition 
was observed in the 0.46- and 0.58-ev resonances with ap- 
proximately equal intensities (~5). Neutron intensity limita- 
tions make difficult the detection of such a weak transition 
from capture in the-6.1- and 9.5-ev resonances. The investiga 
tion is being continued to establish conclusive results regard- 
ing the 280-kev transition for these cases. The 730- and 820- 
kev gamma rays appear after capture in the 0.58-ev resonance 
which is the only resonance examined to date for these transi 
tions. 


* Research supported by the U. S. Atomic Energy Commission 


¢ duPont Predoctoral Fellow 
Socony Mobile Postdoctoral Fellow 
The authors are indebted to Dr. F. H. Spedding, Ames Laboratory, 
lowa State College, for making available the erbium sample 


NA2. Rotational Levels in Hf'" Excited by Resonance 
Neutron Capture.* C. K. BockeLMAN, C. A. FENSTERMACHER, ft 
AND JAMEs E. Draper, Yale Uniwersity. Using the experi 
mental method described in the preceding abstract, low 
energy, gamma-ray transitions have been observed in Hf'"* 
excited by resonant neutron capture at the 1.10- and 2.39-ey 
resonances in Hf!”’. For both resonances a capture gamma ray 
of 9045 kev was observed in addition to the previously 
measured 220+ 10 kev and 330410 kev radiations.' Coulomb 
excitation experiments? suggest that the 90-kev gamma ray 
originates in a transition from a 2* first excited state to the 
ground state of Hf'’*. The energies of the 220-kev and 330-kev 
radiations agree with the energies of transitions from a 4* to 
a 2* level and from a 6* to a 4* level predicted by the simple 
rotational sequence of the unified model. Measurement of the 
intensities of these gamma rays at the two resonances are in 
progress. 

* Research supported by the U.S. Atomic Energy Commission. 

t duPont Predoctoral Fellow 

i Walters, Fenstermacher, Rosler, Bennett, Kockelman, Schultz, and 


Wadey. Bull. Am. Phys. Soc. Ser. I], 1, 296 (1956) 


P. Heydenburg and G, M. Temmer, Piys. Rev. 100, 150 (1955) 


NA3. Electrostatic Storage System for a 2000-Channel 
Time-of-Flight Analyzer.* \V. W. Havens, JRr., AND J. Hann, 
Columbia University.--An instrument has been developed for 
measuring the time of flight of neutrons which has 2000 dis- 
crete time channels, each having a minimum width of 0.1 psec. 
Neutrons produced by a cyclotron burst, which occurs at 
60 cps, are detected after traversing a fixed flight path. The 
time of arrival of a neutron is stored at a particular position 
on the face of a cathode-ray tube. A starting pulse gates a 
19 Mc oscillator which feeds pulses to a current adder system 
that increases the horizontal-deflection voltage by 3 volt steps 


every 0.1 wsec. The vertical deflection voltage is increased by 
6 volt steps every 6.4 wsec. Thus a raster of 2048 spots would 
be formed on the face of the cathode-ray tube if the electron 
beam were intensified. When a neutron arrives at the detector, 
the 10 Me input to the deflection voltage is interrupted and 
the voltages remain constant for 0.8 wsec. During this 0.8 sex 
the electron beam is intensified to place a charge at a particular 
spot on the cathode-ray tube. After the pulse is thus stored, 
the deflection voltage advances in one step the number of 
positions equal to the elapsed time. During the next sweep 
the deflection voltages are controlled by the magnetic drum 
system, described below. The information is removed from 
the cathode-ray tube and transferred to the magnetic drum 
system before the next burst of neutrons occurs. 


* This work was partially supported by the U.S. Atomic Energy Com 
mission 


NA4. Magnetic Drum Storage System for Two-Thousand 
Channel Time Analyzer. M.L. Yeater anp FE. R. GAERTTNER, 
Knolls Atomic Power Laboratory,* anv J. SrrRaND, H. L. 
GARNER, R. GRAHAM, AND S. MACMILLAN, Strand Engineering 
Company.-The magnetic drum section of the Columbia- 
KAPL-Yale time analyzer is designed to accumulate neutron 
detector pulse information from the electrostatic storage sys- 
tem (see preceding abstract). The drum has a storage capacity 
of 8192 counts in each of 2000 channels; extra tracks on the 
drum allow for expansion to 4000 channels. It has permanently 
marked clock tracks which define channel positions and pro- 
vide synchronizing pulses for the electron beam used to read 
the electrostatic storage tube, Each of thirteen storage tracks 
is divided into 2000 channel elements. During operation, 
stored counts flow during each drum revolution from the 
storage tracks to arithmetic addition of new 
counts; each channel count is then returned to its channel via 
a temporary storage track which holds the information while 
the channel position rotates from the read to the write heads 
Arithmetic and control elements embody circuits similar to 
those in SEAC and MIDAC digital computers. Etched board 
wiring is used throughout, providing compact circuit as 
semblies of maximum reliability. An output oscilloscope 
monitor is provided which permits a continual review of the 
accumulated count during an experiment. The contents of the 
drum are read out to IBM cards or paper tape 


elements for 


* Operated for the U.S 
Electric Company 


Atomic Energy Commission by the General 


NAS. High-Resolution Studies of Slow Neutron Reso- 
nances in U**.* J. Rosen, J. S. Dessarpins, W. W. Havens, 
Jr., AnD J. Rainwater, ColumMia University. —The resonances 
of U™* have been studied with the Nevis Neutron Velocity 
Spectrometer using a source detector distance of 35.21 m, a 
source on-time about 0.1 ysec, and detector gate widths of 
0.25 and 0.50 psec. Measurements are made using plastic 
scintillators to detect the capture gamma rays emitted by 
different thicknesses of foils of the element being studied 
Sharp resonance peaks are observed above a smooth back 
ground, The areas under these curves are normalized at each 
resonance by determining the maximum counting rate ob 
tained with a thick sample. Transmission measurements are 
also made using identical foils at the detector and at the trans 
mission position. The measurements have been carried out up 
to 700 ev. Above 300 ev several resonances previously reported 
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as single have been resolved into more than one resonance. In 
the energy interval studied, the number of resonances per 
100-v interval varies from 6 in the region from 0 to 100 v to 2 
in the region from 300 to 400 v, with the average level spacing 
remaining apparently constant over the whole interval. 
Methods and results of analyses will be presented. 


* This work was partially supported by the U. S. Atomic Energy Com 
mission. 


NAO. Results on High Resolution Studies of the Neutron 
Resonances in Ta, Ag, and Cd.* J. S. Desjanpins, J. Rosen, 
J. Ratnwater, ann W. W. Havens, Jr., Columbia University. 

The accuracy of the results obtained in the studies of the 
slow neutron resonances of silver and tantalum have been 
improved substantially by increasing the statistical accuracy 
of the data. Resonance levels which were previously lost in the 
background are now clearly distinguishable. Measurements on 
silver have been extended up to 600 ev. Measurements on 
tantalum have not been extended beyond 275 ev because of 
the small level spacing. Results of analysis of resonance levels 
in ‘Ta and Ag will be presented. Preliminary results have been 
obtained on the neutron resonance levels of Cd, and analysis 
of these levels is in progress. 


* This work was partially supported by the U. S. Atomic Energy Com- 
mission. 


NA7. Neutron Resonance Parameters for Sm'”, Sm'*, 
Gd'*5, and Gd'*.* F. B. Simpson ann R. G. FLunarrty, 
Phillips Petroleam Company.—The total neutron cross sections 
for Sm and Gd have been measured, using a resolution of 
0.04-0.07 psec/meter, with the Materials Testing Reactor fast 
chopper. In order to identify those resonances due to the 
even-odd isotopes in these elements, samples enriched in 
samarium? and gadolinium'**'*? were used. The Breit- 
Wigner parameters have been cbtained for these isotopes in 
the energy region 10-100 ev for samarium and 1.0-50 ev 
for gadolinium. The value of P,°/D determined for Sm" is 
(6.04-1.5) K10~™¢ and (2.040.2) 1074 for Gd'**, Information 
will also be presented on [',°/D for Sm and Gd'*’. The I','s 
which were obtained are 49410 mv and 105415 mv for 
Sm"? and Gd!"*, respectively. 

Energy 


*Work performed under the auspices of the U. S. Atomic 


Commission, 


NAS. Distribution of Level Spacings of Heavy Nuclei.* J. 
A. Harvey,t D. J. HuGues, ann V. FE. Pitcner,t Brookhaven 
National Laboratory.-The distributions of the spacings be- 
tween slow neutron resonances in a particular nuclide have 
been investigated for many target nuclei, both zero and non- 
zero spin. The transmission curves have been carefully ex- 
amined in order to correct the experimental distributions of 
spacings for the loss of small resonances, assuming a Porter- 
Thomas! reduced neutron width distribution. The differential 
spacing distributions of four zero-spin target nuclides (for 
which all levels in the compound nucleus have spin 4) have 
been combined to attain higher statistical accuracy. The 
resultant differential distribution of 40 spacings is exponential, 
as expected for random spacing, for spacings greater than half 
the average, but there are definitely too few small spacings: 
a level “repulsion” effect. There are considerable data on the 
level spacings in odd-A nuclei; the interpretation is compli- 
cated because two independent spin systems are present. 
However, the distribution determined from zero-spin nuclides 
has been modified to apply to the two-spin case and has been 
compared with the data for odd-A nuclei. 

* Work performed under contract with U.S. Atomic Energy Commission, 

t Now at Oak Ridge National Laboratory. 

t Now at Union College, 

'C. FE. Porter and R. G. Thomas, Phys, Rev, 104, 483 (1956), 

NA9. Resonance Parameters of Dysprosium.* R. L. 
ZIMMERMAN, Brookhaven National Laboratory.—The neutron 





TasLe | 
Isotope Eo (ev) r, (my In (m 
163 1.71 103 +10 1.48 +0.12 
161 2.72 118430 0.615 +0.070 
161 3.69 112445 162 +015 
161 4.33 0.96 +018 
162 5.45 174445 21 +7 


cross sections of separated dysprosium isotopest have been 
measured with the Brookhaven fast chopper. Data-taking was 
facilitated greatly by use of a new 1000-channel time-of-flight 
analyzer designed by Higinbotham and Graham. The average 
transmission of thin samples in the kilovolt region gives' the 
strength function (1,°/D)—1.7404x10™ for Dy'™ and 
1.340.3K10~* for Dy'*. Parameters for about 25 individual 
resonances at lower energy are being obtained by the usual 
methods of area analysis. Those obtained thus far are shown 
in Table I. 


* Work performed under contract with U.S. Atomic Energy Commission 


t Separated isotopes recently made available by the U.S. Atomic Energy 
Commission Isotopes Division, 
1D. J. Hughes and V. E. Pilcher, Phys. Rev. 100, 1249(A) (1955) 


NA10. Nuclear Radius by Potential Scattering.* K. K. 
Sern, D. J. HuGues, R. L. ZIMMERMAN, AND V. E. PiLcHer,f 
Brookhaven National Laborztory.-The potential scattering 
cross section a, has been measured in the ev and kev regions 
by two different methods. In the ev region, where resonances 
are well resolved and their parameters known with reasonable 
accuracy, op was determined by subtracting the calculated 
contribution of resonances from the total cross section. In the 
kev region, average transmissions T were determined with 
different thicknesses of the sample and corrections made for 
the contribution of the resonances. The slope, (d/dn) (log Ty) 
in the region where self-absorption effects and the ‘window’ 
effects minimize the resonance contribution, gives a, directly. 
Typical results are 


Element: Nb Sn Pb Th U 
a» (barns): 6.2 401 4.354005 11.340.2 11.840.7 10.7 404 
R’ =(ap/4n)9: 7.024005 5.904003 95401 9.7403 9.25402 
A comparison of R’ thus determined is made with the predicted 
R’ and nuclear radius R of the recent calculations of Feshbach, 
Porter, and Weisskopf,' using a diffuse edge cloudy crystal 
ball model. 

* Work performed under contract with U.S. Atomic Energy Commission 

t Now at Union College 


1V. F. Weisskopf, Amsterdam ( 
1956 
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NAI1. Determination of the 2200 m/sec Capture Cross 
Section of Gold Based on Measurements of the Total Cross 
Section from 5~-11.5A.* F. Goutp, T. I. Taytor, B. M 
Rustap, E. MELKONIAN, AND W. W. Havens, Jr., Columbia 
University and Brookhaven National Laboratory.—The total 
neutron cross section of gold has been determined in the wave- 
length interval from 5-11.5 A using the Columbia University 
crystal spectrometer at the Brookhaven reactor. The spec- 
trometer was calibrated using the accurately known wave- 
length of the Bragg cutoff for the (111) planes in crystalline 
silicon, d = 3.1354 A. The consisten y of this calibration was 
checked at several wavelengths using the bervllium oxide and 
bismuth breaks. The conclusion is that the wavelength is 
known to +0.01 A over the range from 4 to 11.5 A. At 6.27 A 
the resolution of the instrument is 1.8% full width at half 
maximum. The number of atoms per square centimeter in the 
gold was determined by measuring the weight and area of the 
portion which was actually exposed to the neutron beam. 
The straight line which best fits the experimental data is 
or = (54.50+0.02) — (0.1140.68) barns. The value of the 
capture cross section can be obtained at 2200 m/sec from these 
data by correcting for the 4.906-ev resonance and the thermal 
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inelastic scattering. This leads to a value of a-(2200 m/sec) 
98.8+0.03 barns where the stated uncertainty represents 
the standard deviation of the result 
* This work was partiall ipported by the ft it ic 


Mission 


NA12. Brookhaven Cold Neutron Facility.* 1. Priau, C. M 
EISENHAUER, D. J. HuGues, an it. PALEVSKy, Brookhaven 
National Laboratory._-Preliminary performed 
with a beam of pile neutrous emerging from the BNL reactor 
have shown that the 
spectrum of lattice vibrations in sclids can be obtained by 


experiments 


fundamental information concerning 
studying the energy spectrum of the neutrons scattered by 
solids. The principle diffrculty encountered in the initial meas- 
urements was the low counting rate. In these experiments the 
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energy of the incident neutrons is very low (~0.003 ev) and 
for this reason the angular spread of the incident beam can be 
made rather large without sacrificing 
complish this a facility was constructed on the top of the 
Brookhaven reactor (where the shielding is removable) which 
the 
neutron radiating surface, located about 1 ft outside of the 
lattice. In this region the thermal flux is peaked and the fast 
flux is falling rapidly. In order to reach this part of the reactor 
from the top of the pile a 16 in. diameter hole 28 in. deep was 
The thermal thux measured 


resolution lo a 


allows the sample under study to subtend a 9° cone at 


drilled into the graphite retlector 
at the position of the sample is 3 10° ny 
is ~200, and the ratio of counting rates (1/v detector) for Be 
filtered neutrons to thermal neutrons is 67. 


The cadmium ratio 


* Work performed under contract with U.S. Atomic b-nergy Commission, 
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Molecules 


Pl. Effects of High Pressure on the Near-Ultraviolet Ab- 
sorption Spectra of a Number of Cata-Condensed Hydro- 
carbons. W. W. Rosertson, O. E. WEIGANG, JR., AND F. A 
MAtsEN, The University of Texas Phe effects of hydrostatic 
pressures up to 6000 atmospheres on the near-ultraviolet ab 
sorption spectra of benzene, naphth lene, anthrace ne, phenan 
threne, naphthacene, 1, 2 
1, 2, 5, 6 dibenzanthracene in solution in a nonpolar solvent 
have been obtained. In all cases the wavelength of absorption 
shifts to the red linearly with the increasing dielectric constant 
The frequency shift of 


benzanthracene, chry scene, and 


or density of the pressurized solvent 
the weak Ly bands fora given <« hange in the diclec tric CcOnstant 
or density of the solvent is small and relatively constant from 
compound to compound. The frequency shift with density 
(Av/Ap) for the 'L, and 'B, bands increases In magnitude 
linearly with the oscillator strength (/) of the band, Av/Ap 

mf +b; An attempt has been made to interpret the data in 
the London treatment of the dispersion forces be 
the evaluation of the expression 
of oscillator 
Since 


approximate expression can 


terms ol 
However 
shift 

ition 


tween molecules 

for the frequency 
strengths of all tran 
these are not available only ar 
be obtained. Several different approximation 
none of which is found to be completely satisfactory 


requires a knowl dge 


involving the excited state 


are considered, 


P2. Interaction of Vibrational and Electronic Motion in 
Alkali Halide Molecules. k. Sterne Berry, Harvard Uni 
versity. Certain excited electronic states of the alkali halide 
molecules may display behavior corresponding either to un- 
usually large coupling between electronic and nuclear vibra 
tional motions or to a brea down of the noncro 
theoretical treatment of this 
potassium iodides leads to results which are in accord with the 
observed ultraviolet spectra of the two compounds. In par 
ticular, it is shown that the first strong absorption continuum 
of KI results from a violation of the noncrossing rule and that 
the line spectrum of Nal, which results from the 
sa continuum with KI, indi 
nuclear 


ing rule. A 


phenomenon for sodium and 


same kind of 


excitation process that produce 


cates very strong coupling between electronic and 


motions in the excited state 


P3. Electronic Wave Functions for the Hydrogen Fluoride 
Molecule. Letanp C. ALLEN, M. J. 7 \ number of calcula- 
tions using the M. I. T high-speed digital computer, Whirl- 


wind, have been made to describe the electronic structure of 


emph yed the com 
The 


general aim has been to approach a Hartree-Fock solution for 


hydrogen thuoride. Fach calculation ha 


plete many-particle Hamiltonian and all ten electrons 
at polar molec ule The problem has brew hearth d out by ‘ hoos 
ing a set of one-party le molecular basis fune tions, forming a 
determinental many-electron wave function, and varying the 
linear coefficients of the basis functions to minimize the energy 


(Roothaan procedure). The central problem is the choice of 


basis functions and these have been selected 
I he a basis 
all been expressed in terms of a coordinate 


While this should 


a mathematical couvenience, it has 


the molecular 
from both polarization and LCAQO motivations 
functions have 
system with its origin at the fluorine nucleu 
be viewed primarily a 
also allowed the 
separation of molecular constituents into either neutral F +H 
+H for the binding 
energy and a qpuite good value for the dipole moment (less 
than 20% In addition, we have 
yotten a the 
fon 


determination of a binding energy for a 


atoms or the ions | Reasonable value 


been obtained 
(O.58'; 


error) have 


lower total energy error) than any of 


Variou eles trowse Waive function previou ly obtained 


hydrogen fluoride 


P4. Excitation of OH Bands in Oxygen-H ydrogen or Hydro- 
carbon Flames. (,. Dfjakpin, J. JANIN, AND M. Prvron, 
ité de Lyon The vibration-rotation IL—"IL bands of 
OH occur in all the hydrogen flame, but only in the outer cone 
of the CHly, Calls, and Coll bor all fuels, the 
reversal temperature differs little, in the outer cone, from the 


l niver 


thanies line 
value obtained by observing the rotational distribution within 
the *Z*—"*H band of OH 
lower than in the inner cone, the difference increasing from CH, 
to CH, 


in the reaction 


But the rotational temperature is 


These facts are consistent with the hypothesis that, 
one of hydrocarbon flames, a chemical process 
involving carbon compounds is responsible tor the formation 
of OH CZ") 
but partial deactivation by collision would lower the rotational 


The reaction would impart high rotational energy, 


the rise of the latter with increasing addition of 
nitrogen is In the 
cone of hydrocarbon flames, the rough concordance of the two 
joined to the fact that dilution causes a fall of 
the rotational temperature, that OH is elec 

xcited in a three-body collision giving just enough 


temperature , 


significant hydrogen flame and the outer 


temperatures, 
seoms to show 
tron ally « 
energy for allowing OH to reach the 72" 


state. The formation 
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and vibrational excitation of OH (#11) do not appear to have a 
thermal origin; the reaction: O+H4+O,---OH (I! exc.) 
+O, ('Z,*) is in conformity with our observations. 


PS. Active Nitrogen at High Pressure.* J. F. Noxon, 
Harvard University. An afterglow of several seconds in very 
pure nitrogen, excited at atmospheric pressure with an 
ozonizer, was first found by D. G. Bills at this laboratory. At 
all pressures between 2 and 76 cm the afterglow spectrum 
shows the characteristic vibrational distribution for the first 
positive system favoring v’ = 11 almost exclusively, in contrast 
with the findings of Stanley.! Near atmospheric pressure radia- 
tion from long-lived metastable states becomes more intense 
than the first positive system and consists of the Vegard- 
Kaplan system of molecular nitrogen, the atomic nitrogen line 
3466 A and, despite prolonged purification, the atomic oxygen 
line 5577 A. All three decay more slowly in time than the first 
positive system. Vegard-Kaplan radiation from v’ = 1 decreases 
relative to v' «0 during the lifetime of the afterglow and with 
increasing pressure. Collisional electronic deactivation of the 
A state molecules must therefore be very infrequent, and the 
radiative lifetime of this state must be at least of the order of 
one second for such vibrational deactivation to be apparent 
over a period of several seconds. Absolute intensity measure- 
ments indicate that the majority of metastable N atoms 
(theoretical lifetime 4 sec) survive from the discharge. 


* Research supported by Air Force Cambridge Research Center 
‘Stanley, Proc. Phys. Soc, (London) A67, 821 (1954) 


P6. Nuclear Mass Ratios and Magnetic Effects in CO.* 
B. Rosenstum AND A. H. Netuercor, Jr., Columbia Uni- 
versity. Nuclear mass ratios determined from molecular 
spectra must be corrected for the contribution of higher elec- 
tronic states induced by the rotation of the molecule. This 
correction can be made through a measurement of the mo- 
lecular magnetic moment.' * To this end, measurement of the 
rotational frequencies of six isotopic species of CO have been 
made to an accuracy of about 0.004 Me near 110 000 Me and 
measurements of the magnetic moment of four isotopic 
species to an accuracy of about 4%. The correction to the 
nuclear masses calculated from the magnetic moment reduces 
the discrepancy between the presently measured C'—C# 
mass difference (the worst case) and the mass difference 
calculated from nuclear reaction data from approximately 300 
micro-mass units to about 40 micro-mass units. This remaining 
discrepancy is far outside the errors involved. A preliminary 
investigation of the effects of higher order perturbations on the 
electrons fails to disclose any explanation for this anomaly. 

* Work supported jointly by the Signal Corps, the Office of Naval Ke 


search, the U. S. Atomic Energy Commission, and the Air Research and 


Development Command, 

1M, W, P. Strandberg, Microwave Spectroscopy (Methuen and Company, 
Ltd., London, 1954). 

* Townes and Schawlow, Microwave S 
Company, Inc., New York, 1955), Chap. ° 

*B. Rosenblum and A, H, Nethercot, Jr., Bull. Am, Phys. Soc, Ser. II, 


1, 13 (1956). 


P7. Microwave Spectra of Molecules Exhibiting Internal 
Rotation. I. Propylene. Davip R. Line, JR., AND D. E. MANN, 
National Bureau of Standards._-The microwave spectrum of 
propylene, CHsCH:CHg, has been studied in the 17 000- 
36 000 Mc region. The spectrum is characteristic of a rigid 
asymmetric rotor except that most transitions are split into 
close doublets as a result of internal rotation of the methyl 
group. The observed splittings vary from 0.2 to 0.9 Mc. 
Preliminary values of the reciprocal principal moments of 
inertia are 46 520, 9308, and 8131 Mc for the normal isotopic 
species and 45 580, 9307, and 8104 Mc for the species in which 
C" js substituted for the middle carbon atom. Measurements 
of the Stark effect give an electric dipole moment of 0.366D. 
The splittings of the rotational lines are fitted very well by 
the theory of Hecht and Dennison.' The analysis leads to a 
value of 689 cm™ (1970 cal/mole) for the potential barrier to 


ctroscopy (McGraw-Hill Book 
I 


internal rotation. This result is in excellent agreement with 
the value obtained from thermodynamic measurements.? 
1K. T. Hecht and D, M. Dennison (private communication). 


2 J. E. Kilpatrick and K. S. Pitzer, J. Research Natl. Bur. Standards 37, 
163 (1946). 


P8. Microwave Spectra of Molecules Exhibiting Internal 
Rotation. II]. Methylallene. D. E. MANN AND Davin R. Lipre, 
Jr., National Bureau of Standards.—The microwave spectrum 
of methylallene (1, 2-butadiene), CHyCH:C:CHz,, has been 
investigated and all parallel transitions of the J =1-+2, 2-3, 
and 3-+4 groups assigned. Most of the lines show small 
splittings (0.2-2.5 Mc) from the internal rotation of the methyl 
group. The splittings are fitted very well with the theory of 
Hecht and Dennison.' The analysis leads to a potential! barrier 
of 556 cm™ (1590 cal/mole). This result is in very good agree- 
ment with the value determined from thermodynamic meas- 
urements.? The reciprocal principal moments of inertia are 
34 100, 4202, and 3928 Mc. A dipole moment of 0.40D has 
been obtained from the Stark effects 


1K. T. Hecht and D. M. Dennison (private communication 
2J. G. Aston and G, J. Szasz, J. Am. Chem. Soc, 69, 3108 (1947 


P9. Foreign Gas Pressure Broadening of OCS.* L. J 
KIEFFER AND A. V. BusHkovitcHu, Saint Louis University 
Previous calculations, using the Anderson theory, made by 
K. L. Perkins and the present authors' of the collision di 
ameters of OCS with He, O,, and NO, using the J = 1-—+2 line 
of OCS, were in reasonable agreement with experiment, and 
indicated that the perturbing molecule could be treated 
classically in the case of foreign gas broadening. Two new 
calculations also using the Anderson theory, have been carried 
out which support that assumption. The collision diameter of 
OCS with O, has been recomputed treating the O2 molecule 
classically but including terms which were dropped in the 
previous calculation due to the complexity and apparent 
smallness of the terms. The new value, 5.48 A, is only slightly 
larger than that previously reported, 5.41 A. In the second 
calculation the perturbing molecule was treated quantum 
mechanically. Closed expressions were derived for S: and the 
partial cross section. The value obtained for the collision 
diameter was 5.61 A which is within three percent of the value 
obtained treating the perturbing molecule classically. 

* Supported by the Air Force Office of Scientific Research. 


! Perkins, Bushkovitch, and Kieffer, Bull. Am. Phys. Soc 
(1956) (to be published in The Journal of Chemical Physics). 


Ser. II, 1, 13 


P10. Vaporization Processes of Titanium and Aluminum 
Carbides.* W. A. CuurKka, Argonne National Laboratory, ANv 
JoserH Berkowitz AND Mark G. INGHRAM, University of 
Chicago.—The importance of gaseous metal carbide molecules 
has recently come into question. To answer such questions 
we have applied the mass spectrometer to the determination 
of the composition of the vapor effusing from graphite Knud 
sen cells containing (1) titanium or (2) aluminum. In the 
former case the vapor was found to consist of Ti(g), C(g), 
C.2(g), and C,(g). TiC (g) was not detected, but if present was 
less than 1% of the total vapor pressure. X-ray diffraction 
studies of the material removed from the cell at the end of an 
experiment showed that most of the graphite had been con 
verted to TiC and that no free titanium remained. From the 
measured vapor pressures of Ti(g) and C(g) the heat of forma- 
tion of TiC (g) was calculated using 170 kcal/mole as the heat 
of sublimation of carbon. This result is in good agreement 
(within 2 kcal/mole) with the heat of formation obtained by 
Humphrey and serves as an indirect check on the heat of 
sublimation of carbon, Studies of the system Al-C has shown 
Al(g) to be the predominate species in the vapor phase with 
an ion of mass 78 also present. From appearance potential, 
isotopic structure and shutter studies, we have tentatively 
ascribed this ion to an Al,C, molecule effusing from the cell. 


* Supported in large part by a grant from the Office of Ordnance Research 

















SESSION 


FRIDAY 


MorgNING AT 9:30 


PA 45 


> 


North Ballroom 
(S. A. SCHAAF presiding) 


Fluid Dynamics, I 


RINEHART, Smith 
enters the 


PAI. Ablation of Meteorites. Joun S 
sonian Astrophysical Observatory..-A meteorite 
earth's atmosphere at high velocity (8 km/sec to 70 km/sec), 
suffers rapid loss of material through aerodynamic heating 
and abrading forces, but survives passage and finally comes to 
rest on the ground. The ablation of high-velocity missiles is a 
most complex fluid dynamics problem. Post mortem examina- 
tion of meteorites can suggest salient aspects of the problem. 
Surface features of a large number of meteorites have been 
studied. Very little can be said about the total amount of 
material lost. Meteorite size and material are critical factors. 
Small (up to 3 inches in diameter) meteorites are smoothly 
sculptured ; large stones exhibit shallow elongated pits or de 
pressions (2 cm by 1 cm by 5 mm deep); and large irons, very 
deep pits (5 cm in diameter and 3 cm deep. The number, dis 
tribution, and size of the depressions on a particular surface or 
portion of surface depends upon how the surface element is 
oriented with respect to direction of flight. Pronounced irregu- 
larities of shape increase ablation. Finally, heat from the 
surface penetrates at most only a few millimeters into the 
meteorite. 


PA2. Estimation of the Surface Area of Porous Solids from 
Gas Flow Data. Joun L. SterHenson, National Heart Insti- 
tute.—It has previously been shown that if fi, ---f, are the 
transport probabilities of a gas molecule through n separate 
conductors, the compound probability for the conductors 


arranged in series is given by 1/f= 2 1/fi—(n—1). Utilizing 
tl 
this result we show that for a thickness of porous media x, f, is 
of the order of //x, where / is the average mean free path of a 
gas molecule between collisions with the surface of the solid 
Combining this with the Clausius formula for the mean free 
path 1/=4U/S, where U is the free volume and S is the surface 
area per unit volume, gives as an estimate for the surface area 
S=4kU/f,x, where k is a dimensionless constant of the order 
of unity whose exact value depends on the mean free path 
distribution and scattering law in the particular solid. The 
application of this theory to the determination of the surface 
areas of proteins, by drying from the frozem state, will be 


discussed. 


PA3. Recent Observations of Slip in Rarefied Gas Flows.* 
F. C. Hurteur ann E. Meruic,t University of California, 
Berkeley.-Values of the tangential momentum transfer coefh 
cient o have been determined from measurements of drag in a 
rotating cylinder apparatus. Laminar flows of various pure 
gases and of air at pressures in the range 15 to 250 microns Hg 
were established between concentric cylinders. Values of the 
momentum transfer coefficient were found to be dependent on 
the pressure history of the apparatus. When the cylinder 
surface was held at 0.01 micron Hg for a period of several days, 
values of o of approximately 0.9 were measured for air. When 
the surface was held at a pressure of 250 microns, Hg values 
of o were found to decrease with time reaching approximately 
0.6 after a number of days. These results are considered in 
light of other available evidence including that obtained from 
measurements of molecular scattering at the surface in a 
molecular beam apparatus 

* Work jointly supported by the Office of Naval Research and the Office 


of Air Research 
1 Now at Lockheed Aircraft Company, Sunnyvale, ( alitornia 


PA4. On Convergence to N-Wave Flow. |). H. SreintIncerR 
AND F. D. 


Bennett, Ballistic Research Laboratories..-An 





analytical expression for the fringe shift in the N-wave of a 
slender, supersonic projectile has been obtained by the authors 
and reported in a previous paper.' Under suitable approxima 
tions this expression yields an approximate mapping function, 
which accurately characterizes the N-wave tlow. The validity 
of both representations for the fringe shift is quantitatively 
confirmed by comparison with measurements from an inter 
ferogram of a small sphere at Mach number 1.29. N-wave tlow 
is shown to exist around the sphere for radial distances + 
greater than 70 sphere diameters. Measurements of the shock 
waves from the sphere and from a cone-cylinder show that the 
shocks assume their asymptotic positions at radial distances 
greater than fourteen diameters for the sphere and seven 
diameters for the cone-cylinder 


Z 


Du Bennett, Bull) Am. Phy 


227 (1956 


Steininger and bk. DD 


PAS. Time-Function Ensembles in Hydromagnetic Turbu- 
lence.* Ronert H. KRAICHNAN, New York University. ‘Vhe 
equations of motion of incompressible hydromagnetic turbu- 
lence are taken as 

Lom 
where the q are suitably normalized and ordered real and 
imaginary parts of the independent components of the spatial 
Fourier coefficients of velocity and magnetic fields, The coefti- 
cients AA,» and », describe, respectively, conservative non 


AZ, tA aida + Wids 0, 


linear interaction of the modes and dissipation due to ohmic 
and viscous losses. The equations of motion do not completely 
specify all moments of the statistical distribution describing 
Sufficient conditions that a well-behaved en 
Oare SAg(tdt «0 
indicates ensemble average, 


the turbulence 
semble of time functions q,(t) satisfy L, 
where A, (tt!) @(LAOL,(W)), 
and the integration interval is arbitrary 
involve only second, third, and fourth distribution moments 
The moments must also obey generalized Schwarz inequalities 


These conditions 


to belong to a realizable distribution. The conditions described 
are applied to the moments derived from a turbulence model 
previously reported.' 

* This research was supported by the Geophysics Research Directorate 
Air Force Cambridge Research (enter 


H. Kraichnan bull. Am. Phys, Soe, Ser. 11, 1, 441 (1956 


PA6. Diffusion in Turbulent Couette Flow. I. A. bivisu 
MAN, Rensselaer Polytechnic Institute (introduced by ] Mayo 
Greenberg). The random model of turbulent 
diffusion’? is applied here to a two-dimensional turbulent 
used. Suppose 


convection 


variables are 
v(x,y,t) are the x and y 


Couette flow. Dimensionless 
U(x,y, =y+u(x,yt) and V(x,y,t) 
components, respectively, of the total velocity, and « and ¢ 
are the turbulent velocity components; Le., the mean flow 
in the x direction is proportional to y. The convection of 
mass in such a velocity field is governed by the equation 
5 [(y+u)s ], — (vs 
tration of diffusing matter 
this equation is solved for s (x,y,t) (u,v; 
on the particular convection field [u(x,y,t), vGc,y,t) | used in 
the equation. Now suppose that the velocity field (u,v) belongs 
to an ensemble of velocity fields; this ensemble constitutes the 
turbulent velocity field. The mean concentration is found by 
averaging s(u,v;x,y,t) over the 
simple ensemble used here each member has constant com 
ponents u, v, both uw and v having Gaussian probability den 
sities. Results are obtained for certain initial conditions 


Math, 14, 145-152 (1956), 
62, abstract 526 (1956 


ly, Where s(x,y,t) represents the concen 
Subject to given initial condition 
ryt), which depends 


velocity ensemble. In the 


B. A. Fleishman, Quar Appl 
7H. A. Fleishman, Bull, Am. Math. Se 
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PA7. Decay and Spectra in Isotropic Turbulent Reactions. * 
S. Corrsin, The Johns Hopkins University.—Analytical 
studies of isotropic turbulent mixing of a scalar field’? have 
been extended to include effects of concomitant chemical 
reactions. For limiting cases or strongly simplifying restric- 
tions, estimates have been made of mean conversion rates and 
fluctuation decay rates.* Some additional conjectures are now 
made on consequences of the double correlation equations and 
on the spectra of concentration fluctuations. 

* Supported by the Office of Naval Kesearch. 

41S. Corrsin, J. Appl. Phys. 22, 469 (1951). 

48. Corrsin, J. Aeronaut. Sei, 18 (June, 1951). 


*S. Corrsin, Symposium on Fluid Mechanics in Chemical Engineering, 
American Chemical Society, Purdue University, December 27-28 (1956), 


PAS. Interaction of a Turbulent Air Boundary Layer with 
Water Waves.* Bruce L. Hicks anv Ciive G. WHITTENBURY, 
University of Illinois.—The motion of wind over natural bodies 
of water is generally turbulent. The nature of the wind-wave 
interaction is therefore determined by the characteristics of a 
turbulent boundary layer of air as it moves over the rough 
water surface, and in particular by the value of the ratio (6/a) 
obtaining at any time and place, where 6 is the boundary layer 
thickness and a is the rms wave height. We have found! that 
the “roughness elements” affecting the turbulent boundary 
layer correspond to the small water waves. The threshold 
speed (14 knots) for whitecapping may then be interpreted as 
the speed at which these roughness elements are first exposed 
to the full drag of the laminar sublayer. (An estimated lower 
limit to the whitecap density, based on a consideration of wave 
stability, shows no threshold wind speed.) In the transition 
region a dimensional analysis indicates that the drag coefficient 
is proportional to the 4 power of the fetch. 

* Work performed under a Joint Services contract with the U. S. Signal 


Corps. 
fh L, Hicks and C, G,. Whittenbury, Control Systems Laboratory 
Report K-84 (1956). 


PA9. Characterization of Small Wind Waves.* Ciive G. 
WuHitTennuRY, GeorGe S. NEWELL, AND Bruce L. Hicks, 
University of Illinois.-E-xcept for studies of slope distribu- 
tion,! oceanographic literature contains almost no quantitative 
investigations of the structure of the small wind waves which 
control such variously important phenomena as wind drag 
and radar back scattering. We have therefore developed, as 
part of a program of wind wave study, a capacitance wave 
probe? which permits accurate recording of wind speed, wave 
height, or wave energy resident in any band of the spectrum 
of small waves. The probe capacity, linearly dependent on 
wave height, modulates the repetition rate of a blocking 
oscillator which generates a Miller run down wave form and 
triggers a boxcar to measure the run down depth. The latter 
provides an output proportional to wave height over a dy- 
namic range of 1000;1 and with a sensitivity limited by inter- 
ference of the smallest waves by the probe, Recent data ob- 
tained with the instrument will be discussed. 

_* Work performed under a Joint Services contract with the U.S. Signal 
, iC Cox and W. Munk, J, Marine Research 13, 198 (1954), 

BH. L. Hicks and C, G. Whittenbury, Control Systems Laboratory 

Keports K-83, R-84 (1956), 


PA10, Dust as a Transient Boundary Layer Indicator. 
RayMOND J. Emricu, Lehigh University, AND JouN R. BAN- 
ISTER, Sandia Corporation.—Blast from the detonation of high 
explosive over desert soil raises dust at quite large distances 
beyond the fireball. Fast motion pictures taken of the flow 
100 feet away from ground zero and within a few feet of the 
ground show that dust begins to rise immediately behind the 
shock but is confined to a thin wedge-shaped layer making an 
angle of only a few degrees with the ground. The sharply dis- 
tinguished top of the layer seen in the motion pictures and 
studies of the amount of dust at various heights by sampling 
techniques suggest a mechanism other than simple diffusion 
for the dust elevation. Other studies in a shock tube show that 
lycopodium powder on glass moves parallel to the surface 
under a force comparable to free stream drag. Since the flow 
behind a shock moving into still air does not involve turbulence 
in the free stream, the transient boundary layer so formed may 
furnish a more ideal experimental situation for study than do 
steady-flow arrangements. The use of dust as an indicator is 
promising for such studies 


PA11. Key Flow Patterns of Transition in Boundary Layers. 
Joun R. Weske, University of Maryland.—Comparative in- 
vestigations and analysis of the chain of flow phenomena 
constituting the process of transition on flat plates with, or 
without, pressure gradient and in pipes have lead to the identi- 
fication of certain patterns which are of generic significance, 
no matter whether transition arises spontaneously or whether 
it is stimulated by two- or three-dimensional impulses. One 
particular pattern has been singled out for detailed study be 
cause it embodies the mechanism for production of motion of 
wavelengths of lower order than any observed in the ante- 
cedent breakdown motion of laminar flow 
defined experimentally this motion assumes random character 


Under conditions 


and in spreading from its local origin renders the boundary 
layer turbulent. 


PA12. The Effect of Leading Edge Bluntness on Transition 
at Supersonic Speeds. Pau. F. Brinicu (introduced by J 
Evvard).—-It has been found at Mach 3.1 that small amounts 
of bluntness at the leading edge of an aerodynamic body have 
marked effects on the location of transition from laminar to 
turbulent flow. For a body with a two-dimensional boundary 
layer, transition was displaced downstream by a factor of 
three when the leading edge was blunted sufficiently. For a 
conical body a smaller downstream displacement of transition 
was observed. These displacements have been associated with 
the formation of a layer of reduced velocity near the surface 
produced by total pressure losses through the detached leading 
edge shock wave. A study of the effect of bluntness shape 
showed that below a bluntness Reynolds number of 20 000 
40 000 the bluntness shape was unimportant. Above this value 
favorable or adverse effects of bluntness could be obtained, 


depending on the shape. 
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Q1. Rocket-Excited High-Temperature Wind Tunnel.* Kk. 
W. BoGLe aNnb F. K. Hitt, The Johns Hopkins University. 
Current trends in the field of high energy flows indicate the 


utility of an experimental facility producing high velocity 
streams at thermal equilibrium for aerodynamic and materials 
testing. A small, high-temperature wind tunnel using a solid 
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propellant rocket source has been developed which provides a 
stream velocity of 6500 ft/sec in a test section of 4.9 in.? at 
atmospheric pressures. The supply conditions of 2500°K and 
67 atmos produce a sufficiently high energy transfer to the 
flow to obtain thermal equilibrium in the test section within 
five or six seconds. Model temperatures revealed by spectro- 
graphic and other techniques have been near 2200°K. The 
techniques of measuring Mach-number and recording shock 
patterns show a stable uniform stream at M 4.15. Real gas 
effects including vibrational excitation of the molecules and 
its influence on aerodynamic measurements, the reaction of 
materials including surface phenomena and high rates of heat 
transfer are described. The present flow time has been limited 
to ten seconds and an increase to 45 sec seems feasible, to- 
gether with plans to enlarge the test section and extend the 
range of flow velocities to 10 000 ft/sec. 


* This work was supported by the Bureau of Ordnance, Department of 


the Navy. 


Q2. One-Dimensional Unsteady Motion of Magneto-Gas- 
dynamics. C. M. Tcuen, National Bureau of Standards. 
Riemann’s work on the problem of the one-dimensional expan- 
sion of an interstellar gas cloud into a vacuum is extended to 
include the effect of a transverse magnetic field. The gas is 
compressible, but the viscosity and the heat conduction are 
not considered. The effective velocity of propagation is the 
resultant of two parts: the velocity of sound due to the 
adiabatic expansion of the gas, and the velocity of propagation 
contributed by the magnetic field. The case of y =2 reduces 
the problem to Riemann's formulation, while for y=5/3 a 
generalized Riemann's equation is found. The method of 
Lagrangian coordinates is used for the case of a more general y. 


Q3. Calculation of the Blast Wave from a Spherical Charge 
of TNT.* Haroi_p L. Brope, The RAND Corporation.—The 
numerical solution of the partial differential equations of 
hydrodynamic motion resulting from the centered detonation 
of a spherical charge of ITNT was accomplished in a manner 
similar to some previous problems by the author with the aid 
of a high-speed computer. The equation of state of the TNT 
(loading density 1.5 g/cc, net energy release 247.9 kcal/mole) 
was approximated from data by Jones and Miller, while the 
equation of state for air was taken as a fit to data from several 
sources as reported previously. The initial conditions of the 
detonation wave in the TNT were as specified by Taylor. The 
results clearly show the details of the main shock in air, the 
rarefaction into the high explosive followed by an inward 
moving shock, the various reflections of this inward shock, and 
refractions at the contact discontinuity. Slides will be pre- 
sented showing peak overpressure and other shock values such 
as peak particle velocity, peak dynamic pressure, shock 
density, and shock temperature as functions of the shock 
radius. Pressures, velocities, densities, and temperatures at 
various distances as a function of time will be shown, as will 
also radial profiles of the same quantities at specific times. 
Some comparison will be made with the point-source explosion 
in air. 

* The work involved in this study was supported entirely by the U, S. 
Air Force 


Q4. Production of Strong Cylindrical Shock Waves by 
Exploding Wires. k. C. O'Rourke, V. Scuerrer, AND C. B. 
DossieE, U.S. Naval Research Laboratory.-Strong cylindrical 
ingoing and outgoing shock waves (~1 cm/sec at S.T.P. in 
air) are produced by electrically exploding small diameter 
wires (~4000 joules dumped into circuit in less than 1 psec) 
Results will be presented on preliminary measurements of 
(1) Radii vs time measurements of luminous phase of both 
ingoing and outgoing shocks. (2) Spectral luminosity vs time 
The wires are mounted along the axis of a cylindrical chamber 
(3 cm in length and 1.7 cm diameter). The data was obtained 
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from pictures taken with a Bowen strip-film camera (speed 
3 mm per ywsec). A Tobe-Deutschmann condenser (100 kv, 
0.85 wfarad, 0.08 whenries) was used as an energy source for 
the explosions. The time duration of the well-known discharge 
“pause-phenomena,” which occurs below about 20 kv, was 
observed to decrease significantly as the voltage was increased 
to 100 kv. 


Q5. Shock Tubes with Area Change at the Diaphragm 
Section. 1). R. Warre anp R. A. ALrner, General Electric 
Research Laboratory. The strength of a shock wave generated 
in a shock tube is modified by an area change at the diaphragm 
section. The magnitude of this effect has been studied on an 
ideal basis in the case of either subsonic or supersonic cold 
flows. A rather general method of presenting the results of 
such calculations will be discussed. Some comparisons with 
experiment will be made. Earlier work on the modification of 
shock tube flows by a convergence at the diaphragm section 
will be clarified. 


Q6. Shock Tube Study of Dissociation Relaxation in 
Oxygen.* H. S. Giick anp W. H. Wurster, Cornell Aero- 
nautical Laboratery, Inc.-A schlieren optical system and a 
high purity level shock tube have been used to study relaxation 
phenomena in oxygen at temperatures from 1200°K to 4000°K 
Vibration and dissociation relaxation zones have been ob 
served, and the data has been correlated with other experi 
ments and existing theory. The measured vibrational relaxa 
tion times are in reasonable agreement with those measured 
by Blackman up to 3000°K. At higher temperatures, another 
nonequilibrium zone appears which is believed to be due to 
dissociation relaxation. The dissociation relaxation times, how 
ever, are several orders of magnitude shorter than those pre 
dicted by the theory of Bethe and Teller. The short dissocia 
tion relaxation times observed in the present experiments are 
corroborated by chemical kinetics studies of the formation of 
nitric oxide, and it is therefore believed that the theoretical 
model of dissociation kinetics for oxygen requires refinement 
Theoretical studies, based on the work of Rice, are being 
carried out in an effort to reconcile theory and experiment 


* Supported by the Office of Scientific Research 


Q7. Magnetically Driven Shock Waves.* A.C. Kon, 1. 8 
Naval Research Laboratory. By coupling strong external mag 
netic fields to a low-inductance, high-voltage discharge ex 
tremely strong shock waves with Mach numbers greater than 
M = 100 can be produced with energies of the order 400 ev per 
ion.’ In this paper a discussion of recent measurements of the 
dependence of the shock velocity on the discharge voltage and 
inductance will be presented. Some theoretical results on the 
broadening of the Hel, 3889 A line will also be given, together 
with preliminary observations of the time-resolved spectrum 
of magnetically driven shock waves. The broadening of the 
3889 A line shows an interesting red asymmetry that is due 
to the presence of both ions and electrons in the plasma. Above 
~50 000°K the concentration of Hel is negligible relative to 
the concentration of Hell and cannot be observed 


* This work was jointly supported by the U.S. Atom'’c Energy Com 
mission and the Office of Naval 
1A 


Kolb, Winter Meeting, American Nuclear 


erorarch 
Society (December, 
1956) 


Q8. Interferometric Measurements of the Laminar Bound- 
ary Layer on a Shock Tube Wall.* J. KR. Rurtenik ano L. V. 
Divone,t M. I. 7. (introduced by Joseph Kaye).—-Inter- 
ferometric measurements of the growth of the laminar bound 
ary layer on the wall of the MIT-WADC 8- 24-in. shock 
tube were carried out over a range of Reynolds number up 
to 107, and a particle Mach number up to 0,7, The measure 
ments are compared to the theory of Mirels and others. A 

















48 SESSIONS Q, QA, 


careful study was made of the optical effect introduced by the 
refraction of the light rays in the boundary layer and tunnel 
windows, and suggestions are given for future experiments. 

* This investigation was «sponsored in part by the Wright Aeronautical 


Development Center, Aircraft Laboratory. 
+ Now associated with California Institute of Technology 


Q9. Comparison of Trimpi-Cohen Shock Tube Theory with 
Density Measurements.* KaymMonp Go.pstein, Lehigh Uni- 
versity (introduced by D. B. Wheeler, Jr.).—-Using the chrono- 
interferometer method! measurements were made on the time 
variation of density in the hot gas at two different positions 
in a 3.5-cm diameter shock tube. Weak shock waves (P 4 =2) 
in nitrogen were studied. The results obtained indicate that 
for positions not too far from the diaphragm there is good 
agreement with the Trimpi-Cohen? theory of shock tube flow. 
A comparison by Wheeler* of the measurements of Mack on 
shocks of higher strength gives only order of magnitude agree- 
ment with the theory. These results would be expected since 
the theory is derived on the assumptions of low shock strength 
and small distance from the diaphragm. 

* Supported by the Office of Naval Research. 

' Curtis, lemrich, and Mack, Rev. Sei. Instr, 25, 679 (1954). 

7K. L. Trimpi and N. B. Cohen, ‘‘A theory for predicting the flow of rea 
co a shock tube with experimental veritication,” NACA TN 3375 


*D. B. Wheeler, Jr., ‘‘Density variation in shock tube flow,” Lehigh 
University Tech, Rept. 8 (1956), 


Q10. On the Application of Shock Tube Experiments to the 
Study of Compressible Boundary Layers.* Rosert G. JAuN 
AND JouNn R. Asprince, Lehigh University.—One of the Lehigh 
shock tubes is designed specifically for the investigation of the 
effects of the bounding walls on the gas flow behind the inci- 
dent shock. The tube has an internal cross section of 4X j in. 
which provides an abnormally large surface to volume ratio. 
A Mach-Zehnder interferometer takes spark photographs 
through 1} Xj in. windows transverse to the 4-in. dimension, 


AND R 


thereby providing density maps of large portions of the full 
field—two boundary layers and the free stream—in the essen- 
tially two-dimensional flow behind the shock. The experi- 
mental conditions available in this brief section of “uniform” 
flow compare favorably with the more familiar steady flow 
situations. For example, this particular tube can produce a 
range of free stream Reynolds numbers from 9X10* to 
1.1 10° cm™ in nitrogen, at pressures from 10 mm to 12 000 
mm of Hg. In addition, the free stream portion of the flow is 
totally free of background turbulence. Experimental observa- 
tions of density variations, both in the boundary layers and 
free stream, taken over the above range of conditions will be 
presented and discussed. 
* Supported by the Office of Naval Research 


Q11. Experiments on Interaction between Traveling Shock 
Wave and Turbulent Jet.* DarsHan S. Dosanju,t Johns 
Hopkins University (introduced by F. N. Frenkiel).—The 
interaction of a turbulent jet and a plane shock wave traveling 
in a shock tube was optically observed. Various arrangements 
of both subsonic and supersonic jets were used. As a direct 
result of its passage through the jet, the shock wave developed 
a bulge. The growth and behavior of this bulge were recorded 
through a sequence of instantaneous shadowgraphs. The 
transverse spread and the changing profile of this bulge offer 
an interesting visual demonstration of the angle of spread and 
decay of the jet flow. It is shown that beyond an equivalent 
distance of about twelve jet diameters the bulge-profile 
reaches a state of similarity. When the shock and the jet 
impinged against each other head on, an intense, intermittent 
and high-frequency acoustic radiation manifested itself in the 
flow field behind the shock front. Some plausible explanations 
of this phenomenon will be advanced. 

* This work was supported jointly by the Bureau of Ordnance and U.S 


Air Force. 
1 At present at Syracuse University 
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(3. CHALMERS presiding) 


Symposium of the Division of Solid-State Physics 
Imperfections Produced by Crystal Growth 


QAI. Crystal Growth from the Melt. W. A. TiILLer, Westinghouse Research Laboratorie 


to 2:40) 


QA2. Production and Removal of Imperfections in Semiconductor Crystals. W. G 


Telephone Laboratories. (2:50 to 3:15) 


QA3. Observations of Dislocations in‘Silicon Crystals;Grown from the Melt. \V. C 


Electric Laboratories. (3:25 to 3:50) 


QA4. Effect of Growth Variables on Gross Imperfections in Nonmetallic Crystals. |’. H. 


U. S. Naval Research Laboratory. (4:00 to 4:25) 


QAS. The Detection of Imperfections in Crystals. B. L. Avernacn, MM. J. / 


(2:00 

PFANN, Bell 
Dasu, General 
GLI, 


4:35 to 5:00) 





Frmpay AFTERNOON AT 2:00 


Boston-Washington Room 


(L. ONSAGER presiding) 


Theoretical Physics IV: Statistical Mechanics, Collective Motions 


R1. An Information Theory Treatment of the Destruction 
and Emergence of Order. Hunert P. Yockry, Oak Ridge 
National Laboratory.—-Information theory is concerned with 


order in systems capable of being ordered. Suppose \ is a 
measure of an influence which affects the order of a system. 
Let p;:(j) be the transition probability from state 7 to state j 
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and assume that the rate of change of ~;(j) with respect to A 
is proportional to p;(j) plus a constant required by normaliza- 
tion. It is possible to show that 


A os 
y 2D, P(t) logepi(j), 


dH,(y)/dd = —J(A)H,(y) 
using notation given by Shannon.' This equation plus the 
equations for the p;(j) can be solved for H,(y) with due regard 
for the boundary conditions. The final measure of the order 
of the system is given by Shannon's channel capacity theorem 
R=H(y) —H,z(y). 


' Claude F. 
Communication (University of Illinois Press 


Shannon and Warren Weaver, The Mathematical Theory of 
1949) 


R2. Aspects of the Probability Assumptions in Statistical 
Mechanics. K. R. Jones aND M. Drespen, University of 
Kansas.—To study in some detail the specific assumptions of 
a probability nature made in statistical mechanics, Kac' has 
constructed a simple model, allowing a complete mathematical 
analysis. In Kac's model, n balls, white and black, move 
around a circle consisting of m equidistant points. Some of 
these points are marked. When a ball leaves a marked point, 
it changes color. The problem is to find the color distribution 
of the balls after ¢ steps, for a given initial distribution. The 
probability notions are introduced by averaging over the set 
of markers. The following points appear to be of special im- 
portance: the usual Stosszahlansatz type assertion, even after 
averaging, is valid only in the limit of m infinite. In fact, for a 
finite m, the averaged solution of the Liouville equation is still 
periodic, whereas the solution of the Master equation ap- 
proaches equilibrium monotonically. However, if one subjects 
the markers to an average process after each step, the Liouville 
equation yields solutions identical with those of the Master 
equation. Models in which both the markers and the balls 
move are being studied. 
$56 (1956) and M. 


1M. Kac, Bull. classe sci., Acad. roy. Belg. Ser. 5, 
Kac, unpublished sequel to foregoing. 


R3. Integrated Power Absorption by Coupled Oscillators.* 
C. CIMERMAN AND J. S. LevinGcer, Louisiana State University. 
—We have calculated the power absorption in the steady state, 
integrated over all frequencies (Pjo1) for coupled, damped 
linear oscillators driven by a periodic force. For the special 
case of a single oscillator of mass m driven by a sinusoidal force 
of amplitude Fo, we find Pinat=Fo?/4 m. This result is well 
known! for very high-quality factor Q; we have shown that it 
holds for any Y and that Pint is independent of the resonance 
frequency for free oscillations. We find this same value for 
Piot When the driven oscillator of mass m is linearly coupled 
to other damped linear oscillators. In our proof, we uncouple 
the simultaneous differential equations for the case that the 
damping matrix commutes with the restoring force matrix. 

* Assisted by the LSU Council on Research 


! For example, A. H. Compton and S. K. Allison 
Experiment (D. Van Nostrand and Company, New York 


X-Rays in Theory and 
1935), fP. 290. 


R4. Statistical Analysis of the Anisotropic Oscillator. 
Martin L. Gursky, Los Alamos Scientific Laboratory..-We 
choose an anisotropic oscillator potential, V = 4me*t*, where 
=> x767(8; =expL —a cos(y—2nj/3) }}' defines the family 
of all ellipsoids. § =constant defines the family of all ellipsoids 
with constant volume equal to (4/3)rt*. Assuming w to be 
independent of a and 7, we may write for the kth energy level 
(in units of hw): E® =m™-3, where m“™ = (n,“" +4), B = (8)). 
A simple statistical analysis leads to the general results that, 
for an ensemble of particles subject to the Pauli principle, the 
number of particles with energy less than or equal to £ is 
(1/3)E4, while their total particle energy is (1/4)E* both 
results independent of shape. Among the consequences of this 
result for a nuclear model are the following: (1) The aniso- 


tropic oscillator particle energy contains little, if anything, 
which can be interpreted as surface energy. (2) Assuming the 
height of the Fermi ‘sea’ approximately independent of A, 
(a) the radius of the resultant particle distribution is propor- 
tional to A! while (b) the particle energy is proportional to A 

* This work was performed under the auspices of the U.S. Atomic Energy 


Commission. 


'D. L. Hill and J. A. Wheeler, Phys. Rev, 89, 1102 (1954), Fig. 15 


R5. Magnetic Scattering of Neutrons by Exchange-Coupled 
Lattices above the Transition Temperature. A. W. SArnz, 
U.S. Naval Research Laboratory.--We treat the elastic and 
inelastic scattering of neutrons of energy Ko kT by exchange 
coupled lattices whose trangpition temperatures 7¢@ 7, using 
the word exchange to denote ordinary exchange as well as 
superexchange. We take into account the exchange coupling 
Jnn' between two arbitrarily distant paramagnetic ions, n 
and n’, and the temperature motion of the lattice. Combining 
the formalism of van Hove! with standard operator techniques 
we (a) express the differential cross section doma,g/dQ and 
suitably defined moments €* (n=1, 2, «> >) of neutron energy 
transfer as power series in| (Jmm'/kT)": (Jnn'’~Eo)*(r,5 «0, 
1, 2, «> +); (b) compute domag/dQ, é, and @ for r4-s <2 for zero 
phonon processes; (c) estimate the magneto-vibrational scat 
tering and relate it to the inelastic incoherent phonon scatter- 
ing. A brief comparison will be given with an earlier theoretical 
attempt of Slotnick? as well as with data of Brockhouse® on 
antiferromagnetics at T>Tc. 

'L. van Hove, Phys. Rev. 95, 1454 (1954) 


?M. Slotnick, Phys. Rev, 83, 1226 (1951) 
7B. N. Brockhouse, Phys. Rev, 99, 601 (1955 


Ro. Generalization of the Boltzmann Transport Equation 
for Arbitrary Densities. Joun M. Ricnuarpson, //ughes Atr- 
craft Company.-M. S. Green' has recently given a derivation 
of the Boltzmann transport equation (and generalizations 
thereof) using the Born-Green hierarchy as a point of de- 
parture. Here we present a quite different approach to the 
problem based upon a self-consistent formulation of irre 
versible statistical mechanics. The system considered is a 
classical assembly of structureless identical particles inter 
acting with central forces. In the case of arbitrary density, the 
sole use of the number density in one-particle phase space is 
not satisfactory. One must augment this set of observables in 
such a way that the total energy and momentum are contained 
in the linear manifold associated with the new set. The one of 
several possibilities chosen here is the addition of the inter 
action energy density in one-particle phase space. The resul- 
tant foregoing mean 
densities in phase space resemble nothing the author has been 
able to find in the literature but perhaps bear a vague re- 
semblance to the Fokker-Planck equation. A virial-like de- 
velopment is presented, and some rather subtle difficulties 
involved in the passage to the standard Boltzmann equation 


phenomenological equations for the 


are discussed. 


1M. S,. Green, Natl. Bur, Standards Kegt. $427 (A\uguet, 1955 


R7. Nonequilibrium Pair Distribution Function at Low 
Densities. M.S. Green, National Bureau of Standards (intro- 
duced by C. W. Beckett). -In a recent paper on the Boltzman 
equation,’ the author has given a demonstration of Bogolyu- 
bov's hypothesis? that at low densities the nonequilibrium 
molecular distribution functions are functionals of the single 
particle distribution which can be expressed as a power series 
in the density. In this talk, the explicit form of the first-order 
term in the functional representing the pair distribution func 
tion will be presented and some of its properties discussed, 


1M.S. Green, J 


Chem, Phys. 25, 436 (1956 
INN. Bogolyubov, J. Pt 


Phys. U.S.S.K, 10, 465 (1946), 
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R8. Ground State of a System of Interacting Fermions.* 
Leon N. Coorver, University of Illinois.—The ground state 
energy and wave function of a system of Fermions interacting 
with each other in a container of volume @ is considered in a 
density region which is appropriate to metals (~10% Fer- 
mions/em*). An approximation is introduced which gives 
many-body effects in its lowest order and is believed to give a 
good estimate of the ground-state energy and wave function 
for a large class of interactions. It is shown that, for two-body 
interactions, one can obtain a ground state which corresponds 
to a condensation of the system in which the ground state is 
separated from the lowest unperturbed level by an energy 
which (depending upon the interaction) may increase as Q 
or as {f. Ordinary, short-range, attractive interactions can 
produce condensed states whose wave functions correspond 
to highly correlated many-particle states, which are localized 
in space. Application of these results to a system of electrons 
in a metal, and to a microscopic theory of superconductivity, 
will be discussed. 


* This work was supported in part by the Office of Ordnance Research 
U.S. Army. 


R9. Coulomb Enhancement of Positron Annihilation in 
Metals.* J. J. Quinn anv R. A. Ferrecy, University of 
Maryland. Warlier perturbation calculations! on the idealized 
model of a degenerate electron gas with a uniform background 
of positive charge have been extended to second order for the 
special case of zero electron momentum, The results of the 
calculation can be compared directly with experimental life- 
times since the two-photon angular correlation measurements 
reveal how the total annihilation rate is distributed over 
electron momenta. The calculation includes the screening by 
the Fermi gas of the positron and of the zero momentum 
electron, caused by short-range correlation. The perturbation 
is the Bohm-Pines short-range potential acting pairwise be- 
tween all charged particles but with a somewhat shorter range 
than determined by Pines. The range is given by the shortest 
wavelength plasma oscillation which can be propagated in the 
electron gas, a cutoff already determined in previous work.? 

* Research supported by the Office of Naval Research. 

1R. A, Ferrell, Revs. Modern Phys. 28, 308 (1956). See Sec. 


further references 
J. J. Quinn and R. A. Ferrell, Bull, Am. Phys. Soe. Ser 


It for 
II, 1, 44 (1956). 


R10. Collective Coordinate Analysis of Free Einstein-Bose 
System.* J. K. Percus ann G. J. Yevick, Stevens Institute of 
Technology. Because of statistics, the Einstein-Bose free- 
particle system has extensive collective behavior. The scope 
of this collective behavior is exhibited by means of the pro- 
jection of the exact wave function in configuration space onto 
collective coordinate axes. For low excitation, the projected 
wave function thus obtained coincides with that predicted by 
collective coordinate analysis. The physical significance of the 
collective coordinate constants of motion is elucidated. At 
high excitation, the projected wave function exhibits new 
properties not contained in the simple collective coordinate 
picture. The assumption of decomposability of the N-dimen- 
sional Q-space into two-dimensional subspaces is tested in 
several ways. First it is shown that at low excitation, the Qs 
component of a stationary state depends only upon excitation 
of phonons of wave number +k. Further, projection upon a 
product of two-dimensional subspace yields just a product of 
individual projections, providing that the wave numbers repre- 
sented are nearly incommensurable. Finally, the validity of 
the decomposition assumption is greatly improved by going 
over from one to three dimensions. Appropriate modification 
for the free Fermi-Dirac system is readily obtained, but the 
computations are less transparent. 


* Supported by Office of Naval Research. 





R11. Some New Kinds of Collective Coordinates for the 
Many-Body Problem.* G. J. Yevick Aanp J. K. Percus, 
Stevens Institute of Technology.._We have been considering 
new types of collective coordinates which have special prop- 
erties. As a simple example, consider OQ, =2,; V(x; —x;). These 
N coordinates diagonalize the potential exactly but introduce 
off-diagonal kinetic energy terms which are very large for 
short-range forces and small for very long-range forces. An- 
other example is the “thermal coordinate’ mm =Zjejom 2: 2; 
Kexpik (x; —x;) 
the high wave number part of the potential very well. The 
character of the off-diagonal terms in the kinetic energy ap- 
pears satisfactory especially for long-range forces. The strategy 


With these coordinates, one can represent 


which one can adopt is to use the usual collective coordinates 
ge™@ 2, exp(ikx,) for the wave-number part and the n, for 
the high wave numbers 
lyzing &,=2,h,(x,), where h,(x;) are the nth-order Hermite 
polynomials. These coordinates appear to be very suitable for 
describing nonuniform media such as the finite nucleus. A 
general prescription has been evolved for selecting suitable 
collective coordinates for different kinds of nonuniform media 
This prescription insures that the off-diagonal terms in the 
kinetic energy are minimized. 


\s a final example, we are also ana 


* Supported by Office of Naval Research 


R12. Cluster Expansions and the Debye-Hiickel Theory.* 
D. L. Bowers ann E. FE. Sacperer, Cornell University.—We 
consider a dilute gas of particles, with a two-body potential 
Vi; acting between pairs of particles at a high temperature T. 
Vij is a long-tailed potential (e.g., Coulomb). We start from 
the usual classical expansion! in terms of irreducible clusters 
for the two-particle correlation function. This expansion con- 
but the 
sum of an infinite series of certain types (“simple chain'’) of 


verges very poorly because of the long range of Vi;, 


clusters can be expressed in terms of the solution gi; of an 


inhomogeneous linear integral equation. The remaining cluster 
diagrams then can be regrouped, and an infinite series of terms 
is obtained, where each term is an explicit integral involving 
the functions g,;. This new series converges rapidly if the 
temperature is high and the concentration is low. The first 
term in this series 
Hiickel correlation 
electron screening on thermonuclear reaction rates will be 
presented. 


is a slight generalization of the Debye- 


function. Applications to the effect of 


* Supported in part by a joint program of the Office of Naval Research 
and the /. S. Atomic Energy Commission 

1J. KE. Mayer and M. G. Mayer, Statistical Mechanics 
Sons, Inc., New York, 1940), Chap. 13 


John Wiley and 


R13. Radial Distribution Functions by Collective Coordi- 
nates. A. A. Broyies, The RAND Corporation.—-Methods!# 
have previously been devised for employing collective coordi- 


nates to evaluate such N-body integrals as those that occur 


in the calculation of the equation of state (classical) of ions 


in a plasma. These have been limited to regions of high tem 


perature and low densities since they are equivalent to an 


expansion of the Jacobian in a Gram-Charlier series of col- 


lective coordinates. A method without these limitations is 


described here where the product of the Boltzman factor (with 
Coulomb interactions) with the Jacobian is expanded in the 
Otherwise, ame as that of refer- 


series. the procedure is the 


ence 1. This method has been used to compute the average 
potential energy and pair distribution function for ions in a 
uniform 


plasma where the free electrons are replaced by a 


negative background. 


RM-1682-AEC, The RAND Corporation 


'\. A. Broyles, I 
*G, J. Yevick and J. K. Percus (papers available at cost from the Depart. 


ment of Physics, Stevens Institute of Technology 
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FRIDAY AFTERNOON AT 2:00 


Panel Room 


(W. W. BUECHNER presiding) 


Nuclear Reactions and Nuclear-Energy Levels, II 


RAI. Energy Levels of C'* from B''(He',p)C'*. A. Ga- 
LONSKY, C. D. Moak, R. L. TRAUGHBER,* AND C. M. JONEs,t 
Oak Ridge National Laboratory. —Spectra of charged particles 
produced in the bombardment of B"',! with 1.25-Mev He? ions 
have been observed at 45°, 90°, and 135° in a Nal-crystal 
spectrometer. Of the proton groups observed, those corre- 
sponding to the well-known states at 0, 3.097, 3.684, 3.844, 
and 6.864 Mev excitation in C™ were used as calibrations to 
determine the excitations corresponding to the other groups. 
After bombardment of the target had built up carbon, addi- 
tional calibration peaks were available from the C(He',p)N“ 
reaction. With these calibrations the following energies in Mev 
were determined for C states: 549+0.08, 6.09+40.08, 
7.58+0.06, 8.85+0.06, 9.5440.08, 9.924+0.06, 10.9+40.15, 
11.140.15, 12.0840.1, and 12.81+40.1. The groups corre- 
sponding to the new states at 5.49 and 6.09 Mev are each only 
5 to 10% as intense as the ground state group. Both states 
must be narrow because they have not been seen in the n—C 
total cross section or for the mirror nucleus, N“, in the p—C" 
interaction 

* 1956 summer participant from Louisiana State University, now at 
Stanford University 

7 1956 summer participant from Georgia Institute of Technology 


199.3% BY purchased from the Atomic Energy Research Ketablishment 
Harwell, England 


RA2. Gamma-Ray Decay Schemes in B'' fromthe Reaction 
Be’ (He*,py)B"'. A. J. Fercuson, H. EB. Gove, A. E. Lirner 
LAND, k. ALMOvISsT, AND D. A. BromLey, Chalk River Labora 
tories. Gamma rays from the first nine excited states of B",! 
have been observed from the reaction Be*(He*,py)B" at a 
bombarding energy of 2.1 Mev. By examining the gamma rays 
in coincidence with various proton groups, the spectrum from 
each state was studied independently with the exception of 
those from the 6.76-Mev and the 6.81-Mev states, for which 
the proton groups were not resolved. The gamma-ray transi- 
tion to the ground state is observed for all of the levels. In 
addition, the cascade through the first excited state is ob- 
served from the 5.03-Mev, 7.30-Mev, 7.99-Mev, and 8.57- 
Mev states and the unresolved pair at 6.76 Mev and 6.81 
Mev, generally with an intensity comparable with that of the 
corresponding ground state transition. From the particle 
spectrum coincident with gamma rays of energy greater than 
7.5 Mey, it is inferred that the gamma-ray width of the 8.92 
Mev level is comparable to its alpha-particle width. Gamma 
rays from the first excited state of B™ from the reaction 
Be*(He',dy)B*’ have also been observed. 

1 Bent, Bonner, McCrary, Ranken, and Sipple, Phys. Rev. 99, 710 


(1955); Sample, Neilson, Chadwick, and Warren, Can, J. Phys, 33, 82% 
(1955). 


RA3. Gamma Rays from Carbon Induced by He* Bombard- 
ment. H. E. Gove, A. E. Litwer_anp, E. ALmMovist, D. A. 
BROMLEY, AND A. J. FerGuson, Chalk River Laboratories. 
Gamma rays from the reactions Is'’(He*, py)C", B'’(He*,dy)C# 
and C#(He',ay)C have been studied directly and in coinci- 
dence with the corresponding particle groups using 2-Mev He* 
particles from the electrostatic generator. Proton groups in the 
first reaction were found corresponding to levels in C previ- 
ously reported.’ The proton group leading to the 15.10-Mev 
level was found to be in coincidence with a gamma ray of 
15.10 Mev. For this level the ratio ',/f! was found to be ap- 
proximately unity in agreement with previous results.? The 


proton group leading to the 12.76-level in C® was found to be 
in coincidence with gamma rays of energy >6.5 Mev. Evi 
dence for a 12.76-Mey gamma ray in C"™ has been reported.* 
For this 12.76-Mey level our measurement gives [T,/T 0.018 
Phe 15.10-Mev gamma ray has also been observed from He 
particles incident on C¥ and is presumed to occur from the 
third reaction above. Deuterons from the second reaction 
above have been found in coincidence with 2.040.1 Mev 
gamma rays and correspond to a level of this energy in C", 

' Bigham, Allen, and Almavist, Phys, Rev, 99, G31(A) (1955) 

* Hayward and Fuller, Abstract at Amsterdam Conference, July, 1956 

‘Barnes and Kavanaugh, Phys. Re 100, 1796(A) (1955) and private 


Communication 


RA4. Gamma Radiation from the Reaction N'*(He',p)O'"-L. 
DD. A. Bromiey, A. J. Fercuson, H. E. Gove, A. FE. Lirner- 
LAND, AND KE. Atmovist, Chalk River Laboratories.--Ex 
cited states of O'* at excitations less than 13.5 Mev have 
been observed in a study of the gamma radiation from the 
N'(Het, pyjO" and N'*(He', p,a,y)C® reactions at a bombard- 
ing energy of 2.1 Mev. Measurements of the direct proton 
spectra and of the gamma spectra, both direct and in comer 
dence with the corresponding proton groups, confirm the 
existence of the states previously observed in alpha-partich 
seattering on C,! and also, of the previously reported states 
at 8.87 and 11.08 Mev.? Detailed measurements have been 
made on the gamma decay of these two states. The cascading 
from that at 8.87 Mev is in essential agreement with that 
reported earlier’ and in addition the A/2 transition to the 
ground state was observed. In contrast, the 11.08-Mevy state 
decays primarily to the 1°, 7.12-Mey state and only weakly 
to the 3°, 6.14-Mev state; the ground state transition is ex 
tremely weak. The 3* assignment to this state predicted by 
the alpha parti le model* is not supported by these measure 
ments. The angular distributions of the gamma radiations are 
approximately isotropic as are the (He*, py) correlations 


1). W. Bittner and R. 1). Moffat, Ph Rev, 96, 474 (1954 
*W. FF. Hornyak and K herr, Ph ie 100, 1409 (1955 
Wilkinson, Toppel, and Alburger, Phys, Rev, 101, 675 (1956 
4D. M. Dennison, Phys. Rev, 96, 47% (1954) 


RAS. Gamma Radiation from the Reaction N'‘(He',p)O'*- 
Il. A. KE. Lirnertanp, Ek. Atmovist, DD. A. Breomiry, H. ke 
(ZOVE, AND A |. Frerct SON, Chalk River Laboratories 
Further study of the cascading of the gamme radiation in this 
reaction has been carried out by measuring ganima-gamma 
coincidence spectra using two 54 in, Nal (T1) crystal spec 
trometers. In agreement with previous measurements,’ only 
states at 8.87 and 11.08 Mev contribute to the cascading in 
O'*. Spectra in coincidence with the 7,12 aud 6.91-Mey radia 
tion showed principally radiation of energy about 1.72, 3.96, 
and 4.17 Mev. Similarly the spectra in coincidence with the 
6.14-Mev radiation showed radiations of about 2.75 and 5.04 
Mev. The measurements support a 2 
11.08-Mev level. The inhibition of the 4.17 and 1.90-Mev E1 


radiations accords with the isotopic spin selection rule. The 


assignment to the 


gamma-gamma correlations, in contrast to the (He®, py) cor 
relations, are markedly anisotropic and may provide direct 
information on the spins involved 


iW. KF. Hornyak and R. Sherr, Phys. Rev. 100, 1409 (1955) and previous 
abstract 


RAO. Differential Cross Section Measurements for N'* 
(p,p)N** and N“*(p,p)N"™*. J. W. Ovness, J. Vokona, anv Hl 
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W. Lewis, Duke University.*—A differentially pumped gas- 
scattering chamber containing natural nitrogen has been 
used to measure differential cross sections for proton scatter- 
ing from N“ for scattering angles and proton energies (Mev) of 
Dem = 168.1°°*-1.0 <B,<4.1, and Oem =90.0°---1.4<8,<4.1. 
Calibration of the electrostatic proton beam analyzer against 
the Li’7(p,n)Be’ threshold and measurement of beam energy 
losses in the chamber gas determine the energy scale to an accu- 
racy of better than +3 kev. In addition to the work reported 
earlier, this study yields information on a broad resonance ob- 
served by Bashkin et al., having a resonance energy E, = 3.86 
Mevand total width ’~100 kev, and on two narrow resonances 
having E, = 2.535 Mev, <8 kev, and E, = 3.980 Mev, '<15 
kev. Additional data were obtained at scattering angles of 
Vem @ 39.2", 54.7°, 125.3", and 140,8° to provide information on 
the resonance at 3.86 Mev; this study was extended down to 
3.3 Mev to tie in with the data obtained by the Minnesota 
group. The resonances at 3.86 and 3.980 Mev exhibit an 
observable cross section for inelastic scattering leading to the 
2.31-Mev excited state of N"*. The angular distribution of the 
inelastic protons at the 3.86-Mev resonance has the form 
W(0) « A — B cos”, indicating the resonance is due to 1,>1 
formation of a state in O' having j > $. 


* This work was supported by the U.S. Atomic Energy Commission. 


RA7. Excited States in O'*. I. Neutron Thresholds in 
N'*(d,n)O'**.¢ J. Writ, K. W. Jones, L. J. Liporsky, H. 
SmoTrRicuH, AND J. BaicKker, Columbia University.-A search 
was made for excited states in O'* using the counter ratio 
method! for detecting neutron thresholds in the reaction 
N'*(d,n)O". In addition to previously well-established levels, 
thresholds were detected at Ea=1.192 and 1.335 Mev corre- 
sponding to O'* excited states at 10.93740.010 and 11.063 
+0.015 Mev. The 10.937-Mev state may be identified with 
the O~ gamma emitting state reported by Bent et al.? It also 
can be identified with an unassigned state recently seen in the 
reaction F'*(p,ajO'*.4 A thin N'* gas target was used. Back- 
ground runs using a He target filling were made to insure 
that these thresholds can be unambiguously attributed to 
N'*(d,n)O'*, 

+ This work was partially supported by the U. S. Atomic Energy Com 


mission, 
' Brugger, Bonner, and Marion, Phys. Rev. 100, 84 (1956), 


* Following abstract, 
* Squires, Bockelman, and Buechner, Phys. Rev, 104, 413 (1956). 


RAS. Excited States in O'*. II. Gamma-Emitting States 
below 12 Mev. R. D. Bent, T. H. Kruse, L. J. Liporsky, 
AND K. E. ExLunpb, Columbia University.*—A search has been 
made for states in O'* between 7.2 and 11.5 Mev of excitation 
which belong to the sequence 0~, 1*, 2~, 3*---. These states 
cannot break up into C+-a@ but must decay by gamma emis- 
sion. Gamma rays from the F'!*(p,ay)O" (E,=5.2—6 Mev) 
and N!8(d,n7y)O" (Ea=4.5 Mev) reactions were studied using 
a three crystal pair spectrometer. A 3.86+0.03 Mev gamma 
ray was observed from both of these reactions. Double coinci- 
dence measurements show that this gamma ray arises from a 
cascade transition between a state at 10.98+0.04 Mev and 
the 1~ state at 7.12 Mev. No gamma rays resulting from the 
decay of the 10.98-Mevy state to other states of O'* were ob- 
served. These results suggest a spin and parity assignment of 
0O~ for the 10.98-Mev state. No strong gamma rays were ob- 
served corresponding to ground state transitions from excited 
states between 7.5 and 11.5 Mev, which suggests the absence 
of a 1* state in this region of excitation of O'*. A weak ground 
state transition from the 2~ 8.87-Mev state was observed with 
0.06 +0.03 the intensity of the 2.73-Mev cascade transition to 
the 3~ 6.14-Mev state. 


* This work was partially supported by the U. S. Atomic Energy Com- 
mission. 


RA 


RA9. Excited States in O'*. III. Excitation Function for 
N'*(p,n)O'* Reaction. K. W. Jones, L. J. Liporsxy, anp J 
WEIL, Columbia University.*—-The excitation function for the 
N'*(p,n)O"* reaction has been measured for neutrons emitted 
at laboratory angles of 0° and 90° and for bombarding energies 
from threshold to 6.36 Mev and 5.97 Mev, respectively. A 
thin N'* (74%) gas target and a conventional “long counter” 
neutron detector were used. Absolute cross sections were 
estimated using a calibrated Ra-Be source. The threshold 
energy was found to be 3.779+0.007 Mev, in good agreement 
with the value obtained by Kington et al.! Resonances are 
observed in the excitation function. The bombarding energies 
in Mev and the approximate laboratory widths in kev for 
the resonances are: 4.37 (25), 4.5 (~150), 5.34 (45), 5.52 (80), 
5.88 (75), 6.12 (90), 6.24 (50), and 6.33 (40). These resonances 
correspond to excited states in O'* at: 16.20, 16.3, 17.11, 17.28, 
17.62, 17.84, 17.96, and 18.04 Mev. 

* This work was partially supported by the U. S. Atomic Energy Com- 


Mission, 


' Kington, Bain, Cohn, and Willard, Phys. Rev. 99, 1393 (1955). 


RA10. Energy Levels of O" from 4.0 to 5.9 Mev Excitation.* 
CorNELIUS P,. BROWNE, University of Notre Dame.—Previous 
experiments using the F'*(da)O" reaction! and the O"* neutron 
total cross section? give conflicting information about the 
levels of O'' above 5 Mev. In the present work the MI 
broad-range spectrograph was used to record the proton 
spectra from the O'*(d,p)O"" reaction. Bombarding energies 
were 7.0 and 7.5 Mev and angles of observation were 30°, 60°, 
and 90°. Proton groups were found corresponding to levels 
in O" at 4.55340.008, 5.08340.010, 5.215+0.006, 5.378 
+0.010, 5.695 +4-0.006, 5.73140.006, and 5.86640.006 Mev 
where 1,918 Mev has been used for the ground-state Q value. 
The 4.55-, 5.08-, and 5.38-Mev levels have half-widths of 40, 
95, and 20 kev, respectively, in good agreement with the 
neutron scattering results. The other levels are narrow (<8 
kev). The narrow levels at 5.21 and 5.73 were not seen in the 
neutron scattering,? while the (dja) experiment! failed to 
resolve the 5.69 and 5.73 levels and did not distinguish the 
broad 5.08 level from background. The other levels were seen 
in all three experiments. 

* The data reported here were obtained with the MIT-ONR electrostatic 
accelerator and associated analyzers. The work was supported in part by 
the joint program of the Office of Naval Research and the U. S. Atomic 
Energy Commission. 


1H. A. Watson and W. W 
? Bockelman et al., Phys. Re 


Buechner, Phys. Rev. 88, 1324 (1952). 


84, 69 (1951). 


RAI1. Level Density in F'* as Inferred from Nitrogen In- 
duced Reactions. Cuaries 1). GoopMan, Oak Ridge National 
Laboratory.—As a verification of the validity of deducing the 
density of states in a residual nucleus from the energy spectra 
of particles emitted from a compound nucleus, three nitrogen 
induced reactions involving three different compound nuclei 
but the same residual nucleus were compared. In particular, 
the energy distributions of protons from Li®(N",p)F'*, deu- 
terons from Li’(N",d)F"* and a@ particles from Be*®(N",a)F'* 
have been measured and compared to each other. In each case 
more than two-thirds of the excitation energy of the com- 
pound nucleus comes from binding energy rather than incident 
kinetic energy, so that a statistical distribution of the energy 
among the nucleons seems likely. After correction for kine 
matical, phase space, and Coulomb differences, the energy 
distributions of the outgoing particles in the three reactions 
agree closely with each other except in the region of low-energy 
particles where contributions from two-step reactions are 
expected. The intensities of resolved levels near the ground 
state differ only slightly among the reactions. The level density 
function fits the Fermi gas formula W(E£) =C exp2(aE)# with 
a=1+0.1 Mev™. 


RA12. Proton Angular Distributions from the Reaction 
F'*(d,p)F*.* F. D. Sewarp, I. SLAus,t AND H. W. FuLBRIGHT, 
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Unwersity of Rochester. ~Yhe University of Rochester 27-in 
variable energy cyclotron has been used to measure the 
angular distribution of protons from the reaction F'(d,p)F™ 
leaving F™ in the ground state. Data was taken over a range 
5° <@<170° and 3.5<F4<4.1 Mev. The angular distributions 
at some energies show a large peak in the backward direction 
\ rapid variation of shape with energy is also found. A previ- 
measurement! with 5°<@<95° was interpreted as a 
mixture of 1, =O and 1 2 stripping, thus fixing the ground 


ous 
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state of F® as J = 1°. This new data indicates that the reaction 
proceeds mostly by compound nucleus formation and that a 
stripping interpretation, together with the B® J/-value assign 


ment, is unjustified. The protons leaving F® in its first excited 


, 


state show a prominent - é stripping curve th agreement 


with the previous result. 
* Supported in part by the U.S. Aton 


1 On leave from Institut Ruder Botkovir 
Bromley, Bruner 


nergy Commission 
agreb, Vugoslavia 
and Fulbright, Ph Kev 89 6 (1958 


FRIDAY AFTERNOON AT 2:30 


Grand Ballroom 


(S. A. Korver presiding) 


Cosmic Rays 


Sl. Energy Spectra of the Components of the Primary 
Cosmic Radiation.* S. F. Sincer, l/niversity of Maryland 
\ detailed analysis' of balloon and rocket experiments was 
performed and included albedo and geomagnetic corrections 
It reveals a significant difference in the spectrum exponents, 
i.e., the various primary components do not have the same 
In the relativistic portion of the latitude 
Number of 
particles per m*-sterad-sec with total energy FE, per nucleon 
>E, is 4000F, ''* (protons) ; {O0k, '* (alphas) ; 10k, 79 
(C, N, O, and F); 30F, ?4 (Z7>10). An interpretation is given 
in terms of nuclear collisions and resulting fragmentations of 


velocity spectrum 
sensitive region we have the following results 


heavy primaries. However any clearcut experiments which 
demonstrate the absence, above the atmosphere, of Li, Be, and 
B, or of H*, H4, and He*® would invalidate this interpretation 
Air Force Office of Scientific Research 


and Cosmic Ray Physi 
1957), Vol 


* Supported in part by the U.S 
F. Singer, in Progress in Elementary Particles 
Interscience Publishers, Inc., New York 


S2. Trajectories of Cosmic-Ray and Auroral Stream Par- 
ticles. C. A. PEARSE aND R. JastroOw, Nucleonics Division, 
LU’. S. Naval Research Laboratory 
pared for the calculation of charged particle trajectories in the 


\ program has been pre 


magnetic field of the earth. The trajectories are determined by 
numerical integration of the equations of motion on NORC, 
A typical tra- 
jectory requiring 500 intervals of integration is completed in 


at the Nava! Proving Grounds in Dahlgren 


approximately one minute. We are applying this program to 
the problem of relating solar flares to observations on the 
relative intensity of cosmic-ray increases over the earth's 
surface. Applications to auroral phenomena are also planned 


Results will be presented 


S3. Effects of Spatial and Time Inhomogeneities on the 
Galactic Diffusion of Cosmic Rays. Howakp Lastier,* Cornell 
University. —Using a specific model! for the diffusion of cosmic 


rays in the galaxy, one can examine the effects of spatial and 


time inhomogeneities. Anisotropy results from (i) in isolated 
region of different source strength in an otherwise uniform 
medium, (ii) a region acting as a sink in a uniform medium, 
or (iii) the near presence of a boundary to the uniform medium 
In case (i) the anisotropy decreases appreciably at high cosmic 

ray energies; in cases (ii) and (iii) anisotropy rises at high 
energies to a level predicted by a monoenergetic approxima 
tion. The effect of source strength variations in time is studied 
in a simplified model, Taking the sources as isolated, instan 
taneous bursts of particles spread randomly throughout the 
medium, the dependence of cosmic-ray flux changes in time 
upon the frequency and size of the injecting bursts is examined 
ol Maryland 

Phys. Rev, 94, 440 


Universit 
and Ross 


* Present address 


! Morrison, Olbert 1954 


S4. Cross-Section Measurement at Very High Energy.* A 
E. BRENNER AND Ropert W. Wittiams, Massachusetts Insti 
tute of Technology 
collision cross section in tron, in the energy range of 40 to 300 


\n experiment to measure a nuclear 
Bev, was performed utilizing the cosmic rays at an altitude 
of 10600 teet as 


ba sad oon 


a source of high-energy nucleons. Energy 


estimates are the measurement of the electronic 


cascade resulting from #° production as measured by a large 
rectangular double ionization chamber. Hodoscoped trays of 
Geiger counters distinguished single protons and neutrons 
entering the array. With 1493 hours of running time, the col 
lision cross section in iron at a median energy of about 50 Bey 
is for neutrons a = 605 430 mb and for protons ¢ =615 445 mb 
From this one finds for the effective elementary nucleon 
nucleon cross section @ @21 mb, to an estimated accuracy of 
25%; this is the meson-production or 


cross section. We therefore find, contrary to previous indica- 


particle-production 


tions,’ that the nucleon-nucleon cross section remains essen 


tially constant at least out to about 50 Bey 


* Supported in part by the joint program of the Office of Naval Research 
and the U.S. Atomic Energy Commisston 


1K. W. Williams, Phys. Rev. 98, 1495 (1955 


Invited Paper 


SS. An Experiment on Air Showers. bruno Rossi, MV. /. 71. 


40 main 
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FRIDAY AFTERNOON AT 2:00 


Empire Suite 


(A. H. SNELL presiding) 


Optical and X-Ray Spectra 


SAI. Effect of Simultaneous Doppler and Collision Broad- 
ening on the Imprisonment of Resonance Radiation. I’. J. 
Wa su, Westinghouse Electric Corporation, Bloomfield Lamp 
Division.—An expression has been derived for the persistence 
time of imprisoned resonance radiation when Doppler and 
collision broadening are present simultaneously. The influence 
of overlapping of the hyperfine structure is taken into account. 
Good agreement is found with measured persistence times in 
mercury.' The fit with experiment determines the relative 
decrease in the width of the collision broadened line due to 
the presence of the mercury hyperfine structure to be ~0.63 
Holstein? has estimated this reduction to be of the order of }. 


' Alpert, MeCoubrey, and Holetein, Phys. Rev. 76, 1257 (1949), 
2T, Holstein, Pliys, Kev. 72, 1212 (1947). 


SA2. Quantum-Mechanical Theory of Pressure Broaden- 
ing. Micuet. BARANGER, Carnegie Institute of Technology and 
The RAND Corporation. theory will be presented for the 
pressure broadening of spectral lines, where the motion of the 
perturbers is treated by quantum mechanics. This is appro- 
priate for use with electron perturbers when the wavelength 
is so large that the classical path approximation cannot be 
made. The results are simple only in the familiar “impact ap- 
proximation” limit which, however, is almost always adequate 
for dealing with electrons. Inelastic collisions between elec- 
trons and the light-emitting atom are considered. Degeneracy 
of the atomic states is also taken into account. But the natural 
width of the line is assumed negligible, compared to the 
pressure broadened width, since this is usually the case in 
practice. Under these conditions, the line has a Lorentz shape, 
whose width and shift are given rather simply in terms of the 
elastic scattering amplitudes of an electron by the atom in one 
of the two states that combine to emit that particular line. 
Alternatively, the two inelastic cross sections may be intro- 
duced in the expression for the width. Thus, the problem is 
reduced to the standard quantum-mechanical problem of 
scattering an electron by an excited atom. Ditferences be- 
tween this and other theories of electron broadening will be 
discussed. 


SA3. Pressure-Induced Satellites.* Lewis Kein (intro- 
duced by H. Margenau).A qualitative suggestion by 
Preston! and others is utilized in an attempt to formulate a 
quantitative theory of the side bands accompanying the 
absorption lines of the alkali spectra. In accordance with that 
hypothesis a suitable set of interaction energy curves for the 
radiating atom-perturber configuration were chosen; and the 
statistical theory as formulated by Margenau* was used. It is 
shown that a very general set of potential energy curves 
cannot lead to results in agreement with the data of Ch'en® 
or Robin.* It is suspected that the statistical theory (in its 
present formulation) does not account for the satellite band 
phenomena, no matter how peculiar the interaction curves 
may be, and that a model including the perturber motions 
(now under study) is required to explain the facts. 


*Work supported by U. S. Air Force Research and Development 
Command, 

1W. M. Preston, Phys, Kev. 51, 298 (1937). 

1H, Margenau, Phys. Rev. 40, 387 (1932); 44, 931 (1933). 

*Ch'en, amet. and Jeffimenko, J. Opt. Soc. Am, 46, 182 (1956), 


4 J. Robin and B, Vodar, Compt. rend, 242, 2330 (1956). 


SA4. Optical Spectra Excited in Noble Gases by Charged 
Particles.* W. R. BENNETT AND C. S. Wu, Columbia Uni- 
versity, AND V. W. HuGues, Yale University and Columbia 
University.—A restudy of the spectra previously observed in 
helium and argon using a spectrometer with increased resolu- 
tion and sensitivity showed that the lines were mainly due to 
a small nitrogen impurity in the gas samples. The transitions 
observed in the presence of helium consisted primarily of first 
negative bands of the N2* molecule, whereas those observed 
in the presence of argon were second positive bands of the Ny 
neutral molecule. This is a particularly striking effect in that 
the nitrogen bands persisted at intensities of up to 60 times 
the intensities of the normal atomic transitions for conditions 
where the nitrogen impurity concentration was estimated to 
be less than one part in 10%, [t was found that the excitation 
energies for the highest N.* and N» states observed corre 
sponded to the energy available from the metastable states in 
helium and argon, respectively. Therefore, the excitation of 
such small amounts of Ne impurity must occur by collisions 
with the long-lived metastable states, which in turn are non- 
radiatively excited by the charged particles. This 
appears to predominate over both direct excitation and radia- 


proc ess 


tive recombination. Thus a gas scintillation counter based on 
the effect of metastables would be relatively slow 


* This work was partially supported by the U Atomic Energy Com 


mission. 


SAS. Hyperfine Structures of the Resonance Lines of 
Indium (In''*), 1). A. Jackson, Laboratoire A. Cotton, C.N.R.S., 
Bellevue, France. —The hyperfine structures of the two visible 
resonance lines of the arc spectrum of In"®, 5 #P4—6 Sy, 4511 A 
and 5 #P,—6 S;, 4101 A, have been measured in the absorption 
of a multiple atomic beam of high collimation, the emission 
background being provided by a water-cooled hollow cathode 
discharge. The spectroscopic instrument of high resolving 
power was a double Fabry-Perot etalon, with a spectral range 
of 500 mK and a limit of to 0.3 mK (1 
mK =0.001 em™'); the combined instrumental and Doppler 
width of the lines was less than 5 mK. The necessary measures 
were taken to avoid systematic errors, and the random error 
was reduced by making more than 50 independent measure 
ments of the structures of both lines; the probable error in 
the determinations of the hfs intervals was thus made sub- 
stantially smaller than 0.1 mK, an accuracy comparable with 
that obtainable by the microwave method. The hfs intervals 
found for the three terms involved are 


resolution of 0.2 


5*Py: 58.53, 37.35, and 22.194+0.07 mK 
5*Py: 380.65+0.05 mK. 
6 Sy: 281.1640.05 mK. 


These values are in agreement with those found (for the P 
terms) by the microwave method, to within the combined 
probable errors 


SAO. Correction of Complex Spectra for Instrumental Re- 
solving Power. Part I.* L. G. Parratr anp C. F. HEMpstTeap,t 
Cornell University.—A complex spectrum always shows greater 
contrast, and often more detail, after correction for the finite 
resolving power (i.e., for the “‘spectral window’’) of the spec- 
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trometer. The clearer view usually justifies considerable effort 
in an attempt to correct the direct measurements. The correc- 
tion procedure herein described is applicable to any observed 
spectrum, however complex, but is limited to certain model 
window shapes. The procedure involves an arbitrary analysis 
of the observed spectrum into virlual components each having 
a shape given by a particular functional form. This functional 
form depends upon the shape of the spectral window since we 
seek a practical mathematical “unfolding’ process. A prac- 
tical process is one for which there exists a unique explicit 
expression for the parameters of the virtual components of the 
corrected (or true) spectrum in terms of those of the virtual 
components of the observed spectrum. Then, with the para- 
meters obtained from the observed spectrum, the corrected 
curve is readily synthesized. Two model windows, viz., a 
Lorentzian (classical dispersion function) and a Gaussian 
(normal distribution function) are discussed with an example 
procedure given for each case. 

* Supported by the U. S. Air Force through the Office of Scientific 


Research of the Air Force Research and Development Command 
t Now at the Bell Telephone Laboratories. 


SA7. Correction of Complex Spectra for Instrumental Re- 
solving Power. Part II.* J. O. Porteus anp L. G. Parrarr, 
Cornell University.—In Part I (preceding abstract) the general 
problem is stated and a solution outlined for certain model 
windows. Now we give a different solution, one having greater 
practical generality. The observed spectrum is regarded as a 
superposition of the true spectrum and a perturbation func 
tion. The present solution is practical in almost all actual 
(a) a 
unique solution must exist and (b) the perturbation function 


cases; however two formal conditions must be met 


“correction functions” 
having uniformly decreasing amplitudes. These 
functions are calculated directly by taking successive “folds” 
(convolutions) of the spectral window (assumed to be known) 


must be expressible as a series of 


correction 


with the observed spectrum. The calculation can be readily 
performed on a digital-type computer, or even on a desk 
calculator if a low order of correction is satisfactory. Esti 
mates of the accuracy of the corrected spectrum, point by 
point, are provided by the correction functions themselves 
Illustrative examples are given for an ideal simple spectrum 
and for complex x-ray emission and absorption spectra as 
observed with a two-crystal spectrometer. 


* Supported by the U. S. Air Force through the Office of Scientific 
Research of the Air Force Research and Development Command 


SA8. Refractive Index of Helium Vapor.* M. H. knwarps, 
Royal Military College of Canada. ~The refractive index n of 
saturated helium vapor has been measured from 1.5 to 4.2°K, 
using a Jamin interferometer and a metal with 
optically flat windows. Over 170 experimental points were 
taken. For A=5461 A, (n—1) smoothly from 
(3.140.2)K107§ at 1.5°K to (329.041.3) «10 at 4.2°K. 


Eight separate absolute determinations of (n—1) were made 


cryostat 


Miecreases 


over this temperature range and the results combined with 
the calculated vapor density’? to give the polarizability per 
mole Noa. The mean polarizability per mole is 0.1245 40.0001 
Individual determinations from 1.8° to 4.2° 
from this by more than 0.0008. This value should be compared 
with 0.1245,+0.0000, which may be calculated from the 
measurements’ of (n—1) for helium gas at NTP. 


do not deviate 


* Supported by the Defence Research Board of Canada 

'R, A. Erickson and L. D. Roberts, Phys. Kev. 93, 957 

7K. Berman and C. A. Swenson, Phys. Rev. 95, 311 

*C, Cuthbertson and M. Cuthbertson, Proc. Roy. Soc 
40 (1932). 


(1954) 
1954 


(London) 
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SA9. Measurement of the Gold and Mercury K X-Rays 
Using the 7.7-Meter Bent Crystal Spectrometer.* Rowen I. 
SMITHER, BERNARD HAMERMESH, AND Davin Rose, Argonne 
National Laboratory.—-In the course of our investigation of the 
capture gamma-ray spectrum from gold with the Argonne 7.7- 
meter bent-crystal spectrometer,' we have observed the de- 
tailed K-x ray spectrum from gold and the Ka, line from 
mercury. Using our secondary method of energy measurement 
which is accurate to 1 part in 10° we find the following energies 
(in kev) for the K-x rays from gold: Ka, —68.72, Ka,—66.92, 
Kp, 77 417, KB, doublet 80.11, Kowour doublet 80.82 
From mercury only the Ke, line with energy 70.70 kev is 
observed. The Kay line and KB lines from mercury are ob- 
scured by the much more intense gold lines. The values quoted 
agree within our limits of error with Ingelstam's*? values for 
gold and the mercury Ae, value agrees with Saxon's® value. 


*Work performed under the auspices of the U. S. Atomic Energ 
Commission 

' Hamermesh, Rose, and Smither, Bull 
1956 

ic. Ingelstam, Nova Acta Regiae Soc, Sci, Upsaliensis (1946) 4, No. 5 

11). Saxon, thesis, University of Wisconsin, 1954 (unpublished) 


Am. Phys. Soc, Ser, Il, 1, 446 


SA10. Double Transitions in Metals Soft X-Ray Spectra. 
JEAN PIRENNE AND PteRRE LonGe, University of Lidge, 
Belgium.—Line shape modifications due to inelastic inter- 
electron collisions are found comparable for sodium to those 
due to elastic collisions considered by Landsberg,' in sharp 
contradiction with previous statements that the influence of 
the first process, suggested by Mott? and Cady and Tam- 
boulian,? is entirely negligible. Both types of collisions lead to 
a broadening of each monochromatic contribution produced 
by a one-electron transition in the conventional Bloch scheme 
For Landsberg's mechanism however, this broadening is sym- 
metric and predominant for the low-frequency side of the 
emission band, whereas for the presently studied Mott's 
mechanism, the broadening is asymmetric and predominant 
near the high-frequency edge. Consequently, both processes 
create a tailing of the emission band towards low frequencies, 
but the first one alone gives rise to an appreciable broadening, 
both of the high-energy edge of this band and of the absorption 
discontinuity. From the asymmetry of this broadening, some 
small discrepancy might possibly result between the experi- 
mental values of these two frequencies which would strictly 
coincide following the conventional interpretation in terms of 
single electron transitions. Comparison with experiment will 
be discussed. 


' Landsberg, Proc, Phys. Soc. (London) 62A, 806 (1949); Skinner, Trans 

Roy. Soe. (London) A 239, 95 (1940) 
*N. FF. Mott (private communication) 
'W. M. Cady and D. H, Tamboulian 


Phys, Rev, 59, $81 (1941) 


SAI1. Absorption of 96-Mev X-Rays. |. Movrrarr, J. 
THRESHER, AND RicHaARD WILsON,* Oxford University. -96- 
Mev x-rays from the Oxford Synchrotron have been used for a 
precise measurements of absorption cross sections. The detector 
is a large liquid scintillator biased to detect only large pulses 
The effective photon energy is determined by measuring the 
counts as a function of synchrotron peak energy and was 
96 +1.5 Mev. The results are 


G6/teun @ TIAA LOMO ary lden @O 5488 FOND) ang gen @ 2A LOO 


Ge/deu @ON599 FO OOOLE dey @ 4866 4 0.028 barn 
an by ¢ Oily difference 104% + O§ millibarn 
ou by liquid Hy target «19.22 40.45 millibars 


The results for heavy clements show the deviation from the 
Born approximation, but the deviation is a little smaller than 
theory which applies only at extreme relativistic 


The value of oy is a little larger than current theo 


recent 
energies 


retical belief 


* Now at Harvard University 
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FRIDAY EVENING AT 7:00 


Terrace Room 
(kk. P. WiGner and W. C. Micuecs presiding) 
Banquet of the APS and the AAPT 


Award of the Oliver E. Buckley Solid-State Physics Prize to Charles Kittel 
After-Dinner Speeches 


The Work and Environment of the Physicist Yesterday, Today, and Tomorrow. M. | 


Bell Telephone Laboratories. 


KELLY, 


A Nuclear Physicist’s Impressions of Russia. R. R. Witson, Cornell University. 





SATURDAY MORNING AT 9:30 


Terrace Room 


(R. C. FLETCHER presiding) 


Semiconductors, I 


Tl. On the Decay of Current Carriers in Semiconductors. 
Jerome Rorustein, Signal Corps Engineering Laboratories. 
It is shown that the exponential decay of electron and hole con- 
centrations conventionally derived by making a linear ap- 
proximation in the recombination equation (dx/dt=dp/dt 
=g-—rnp) becomes a hyperbolic tangent or cotangent relaxa- 
tion law in some important cases when that particular approxi- 
mation is not made. The laws derived are a direct consequence 
of bimolecular kinetics. The effect of interpretation of lifetime 
measurements and related effects can be large. Detailed dis- 
cussion is given of pair relaxation in intrinsic semiconductors 
with or without external pair generating mechanisms. It is 
shown that extrinsic carriers affect recombination parameters 
but not the form of the relaxation Jaw. In some cases of im- 
portance both for phosphors and semiconductors the same 
laws are preserved in the presence of trapping. The importance 
of ambipolar diffusion is indicated for semiconductors. An 
explicit solution of the steady state one-dimensional diffusion 
equation with bimolecular processes (Dd'n/dx* +g —rn® =0) is 
indicated, involving elliptic functions. Experiments are de- 
scribed which verify the predicted relationships. 


T2. Influence of Electric Field in Diffusion Region upon 
Breakdown in Germanium n-p Junctions. E. M. Pett, 
General Electric Research Laboratory.—The high current den- 
sity existing at near-breakdown reverse bias of an n-p junction 
produces, by Ohm's Law, an electric field. If the effect of this 
field is included in the solution of diode current, it is found 
that it can significantly affect the breakdown characteristic. 
It can, for example, produce an increase in injected photo- 
current resembling multiplication, even though multiplication 
is not occurring in the junction itself, Alternatively, if multi- 
plication is present, it can produce instability and breakdown 
before the avalanche in the space-charge region itself becomes 
unstable (i.e., before the multiplication factor becomes in- 
finite). These predicted phenomena have been observed in a 
series of germanium np junctions. Closely allied with these 
phenomena is the observation of a region of “soft breakdown" 
in many germanium junctions, which appears to be a bulk 
effect 


T3. Field-Dependent Mobility in Space-Charge-Limited, 
Majority-Carrier Current Theory. Murray A. LAmpeRt, 
RCA_ Laboratories. Recent data of Gunn! for n-type ger- 
manium show a field-dependence of electron mobility at 
relatively low fields. It thus appears to be a general require- 
ment of realistic calculations in current flow problems that 
they incorporate field-dependent mobilities. For a substantial 





class of problems involving space-charge-limited, majority- 
carrier currents the calculations can be carried out analytically 
with any polynomial representation: po&/va=1+Awat--- 
+A,va". Here yo is the low-field mobility, & the electric-field 
intensity, and vy the drift velocity. Up to fields of 400 v/cm, 
Gunn's room temperature data is accurately represented with 
0.047 X10~* (vg in cm/sec). At 
Results will be given 


just the linear term with A, 
higher fields further terms are necessary 
for a semiconductor problem previously analyzed with re 
strictive assumptions by Shockley and Prim?® and Dacey* and 
for problems of interest in insulator physics 

'J. B. Gunn, J. Electronics TI, 87 (1956 


?W. Shockley and R. C. Prim, Phys, Rev. 90, 753 
4G. C, Dacey, Phys. Rev. 90, 759 (1953 


1953 


Hutson, Bell 


has been meas- 


T4. Seebeck Effect in Zinc Oxide. A. RK 
Telephone Laboratories. ~The Seebeck effect 
ured for single crystals of n-type ZnO over the temperature 
range 60°K to 300°K. The crystals, grown from the vapor 
phase, are needles of hexagonal cross section, about 0.2 mm 
in diameter and 1 cm in length. The measurement technique 
makes use of a thermal analog to a potentiometer in order to 
obtain the crystal temperature at the electrical contacts. The 
measurements show a very large contribution to the thermo- 
electric power, Q, from the ‘‘phonon-drag" effect first observed 
in germanium by Frederikse and by Geballe 
drag"’ contribution, Q,, to Q is obtained by subtraction of the 
electronic contribution, Q,, which is calculated from Hall effect 
measurements and a knowledge of the ‘“density-of-states” 
electron mass m).! Q, depends upon temperature approxi 
mately as 7~*-* for relatively pure samples with values as high 
as 1200 wv/deg at 300°K and 30000 ywv/deg at 80°K. The 
behavior of Q, is at least qualitatively in agreement with 
Herring's theory.” 


rhe “phonon 


1A. R. Hutson, Bull. Am. Phys. Soc. Ser. II, 1, 381 (1956 


? Conyers Herring, Phys. Rev. 96, 1163 (1954 


TS. Thermoelectricity and Conduction in InSb. |. H 
GEBALLE, Bell Telephone Laboratories.-Measurements of the 
thermoelectric power, Q, and the thermal conductivity K, for 
p-type InSb from liquid helium to intrinsic temperatures show 
the following behavior. For 2 10"* excess acceptors per cc a 
large Q», the phonon drag contribution to Q, is observed as 
reported by Frederikse and Mielezarek.' Q, equals 4800 yy 
per degree at 30°K and varies as 7? up to 70°K. This tem- 
perature dependence, the boundary scattering effect, and a 
saturation effect observed in less pure material are under 
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standable in terms of Herring's? theory. K falls off as T-* above 
its maximum of about 16 w units at 11°K. This more rapid 
temperature dependence than K for germanium is believed 
indicative of less isotopic scattering. The following observa 
tions, which have been found previously in silicon and ger 
manium, respectively, are believed due to an impurity band 
phonon interaction. (1) Q varies much more rapidly with 
temperature than theoretically expected? for pure material in 
the boundary scattering range. For 2 10'* excess acceptors 
Q reverses sign and becomes negative below 4°K where no 
Hall effect can be detected. (2) K for that sample varies as 
7** between 2° and 3°K. 

'H. P 

2(, Herring, Phys 


RK. Frederikse and Ek. V. Mielezarek, Phys. Rev. 99, 1889 (1956 


Rev, 96, 1164 (1954) 


T6. Magnetic Field Dependence of the Hall Coefficient and 
Electrical Conductivity in Semiconductors.* J. H. Becker, 
National Bureau of Standards._-The spherical energy surface 
approximation used by Johnson and Whitesell’ to calculate 
the Hall coefficient and electrical conductivity when mixed 
ion-lattice scattering is present in a one-carrier or intrinsic 
semiconductor, has been extended to include arbitrary number 
of bands and concentrations. The formulas reduce to those of 
Willardson, Harman, and Beer? for a system of electrons, fast 
and slow holes with lattice scattering. When mixed ion-lattice 
scattering is present in a many-band system, the magnitude 
of the Hall coefficient and the electrical conductivity as well 
as their rate of change with magnetic field can be considerably 
reduced compared to when only lattice scattering is present 
The large contributions of the light mass carriers (i.e., light 
holes in p-type germanium?) to the Hall coefficient and mag 
netoresistance are most easily reduced by small amounts of 
ion scattering. Under some conditions the change of the Hall 
coefficient with magnetic field can even be opposite to that 
which would take place if only lattice scattering were present 

* Research supported in part by ONR and OSR, 


'V. A. Johnson and W. J. Whitesell, Phys. Rev, 890, 941 (1953) 
? Willardson, Harman, and Beer, Phys. Rev. 96, 1512 (1954). 


T7. Low-Temperature Hall Mobility of PbS, PbSe, and 
PbTe. R. S. AtiGarer, U.S. Naval Ordnance Laboratory and 
University of Maryland, ann W. W. Scanton, U. S. Naval 
Ordnance Laboratory.—The Hall coefficient and resistivity of 
about 20 samples of PbS, PbSe, and PbTe have been measured 
between 4.2° and 300°K. In all cases, the Hall mobility py 
calculated from this data increased over the entire temperature 
range, as the samples were cooled. At 4.2°K, the mobilities 
reached ranges of 25 000 70 000, 40 000-200 000, and 200 000 
750 000 cm?/v-sec for PbS, PbSe, PbTe, respectively. The 
carrier concentration in most of the samples is about 10'*/cm!, 
so that the mobility values are in sharp contrast to those in a 
Ge sample of similar carrier concentration (y7™1000). A 
possible explanation for the high mobilities will be presented 
Also, the differences between the low-temperature mobility 
behavior in natural and synthetic PbS crystals, and the effects 
of heat treatment on the mobility of some samples will be 


discussed 


T8. Hall Effect in p-Type Germanium and Silicon. |)on avn 
LONG AND ALLEN NusspauM, Honeywell Research Center 
Measurements were made of Hall coefficient vs temperature 
between 100°K and 300°K at fields of 220, 1750, and 7650 
gauss on an 8 ohm-cm sample of p-type germanium. The 


results are in general agreement with the ideas of Willardson, 
Harman, and Beer.’ The Hall coefficient over the same tem 
perature range at 33 gauss exhibits a small positive tempera- 
ture dependence. Curves of Hall coefficient vs temperature 
between 150°K and 320°K on 18 and 35 ohm-cm B-doped 
p-type silicon samples show nearly identical negative tempera- 
ture dependences? at 1750 and 7850 gauss, and the Hall coeth 
cients are practically independent of field up to 7850 gauss at 
77°K and 290°K. Transverse magnetoresistance was also 
measured vs field strength on the 35 ohm-cm sample ; magneto 
resistance mobility is field-independent up to 7850 gauss at 
290°K and decreases with increasing field above about 2000 
gauss at 77°K. These results are discussed on the basis of 
known valence band properties. 


Phys. Rev, 96, 1812 (1954 


Rev, 96, 44 (1954 


and Beer 


'Willardson, Harman 
‘I * Maita, Phys 


J. Morin and J 


T9. Photoelectromagnetic (PEM) Effect in InAs. J. R. 
Dixon AND A. D. Krumpetn,* lL’. S. Naval Ordnance Labora- 
tory.-Kurnick and Zitter have proposed a which 
describes the PEM effect for large as well as small Hall 
angles.' When applied to InAs their theory indicates that the 
relationship between the magnitude of the ’EAM signal and 
the corresponding magnetic induction should be linear for 
n-type material but should show a saturation effect ior p-type 
material, Experimental data will be presented which verify 
these predictions. Values for the minority carrier mobility in 
p-type material have been caleulated on the basis of this 
saturation eflect. Data pertaining to the eflect of etching on 
the magnitude of the PEM signal will be presented. Values for 
recombination velocities will also be given. 


theory 


typical surface 
The ratio of the photoconductive to the photoelectromagnetic 


responses has been used to calculate bulk lifetimes.'* 
* Now at Nuclear Development Corporation of America 
S. W. Kurnick and RN. Zitter, J. Appl, Phys, 27, 274 (1956 
7W an Roosbroeck, Phys. Rev. 101, 17145 (1956 


T10. Interband Magneto-Optic Effects in Semiconductors. 
I. Burstein anp G. S. Picus, U. S. Naval Research Labora 
tory. In a magnetic field, the intrinsic absorption edge of 
InSb shifts to shorter wavelengths and the absorption spec 
trum exhibits several pronounced absorption peaks which are 
attributed to transitions between magnetic sub-bands of the 
valence conduction bands. These magneto 
optic (1.70) effects are related to cyclotron resonance in the 
same way that the Zeeman effect is related to paramagnetic 
Both the 7A7O effect and cyclotron resonance in- 
volve a diamagnetic coalescence of the quasicontinuous levels 
sub-bands. 


and interband 


resonance 


of energy bands into one-dimensional magnetic 
However, the MO etlect involves transitions between mag- 
netic sub-bands of different electronic energy bands, whereas 
cyclotron resonance involves transitions between magnetic 
sub-bands Phe corresponding mag- 
netic effect ion the photoionization spectra of impurities will 
involve both the magnetic splitting of the impurity level and 
For 
intrinsic absorption processes, the 7.MO etfect does not depend 


of the same energy band 


the diamagnetic coalescence of the energy band levels 


on the presence of free carriers and can be carried out under 
conditions where the free carrier concentration is either too 
small or too large for cyclotron resonance experiments. The 
1 MO effect should be particularly useful for obtaining informa- 
tion about energy bands whose edges occur away from the 


forbidden energy gap. 


Invited Paper 


T1l. Measurement of Short Semiconductor Lifetimes by Pulsed Van de Graaff Excitation, (,. k 
WertHemM, Bell Telephone Laboratories. (30 min.) 
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SATURDAY MORNING AT 9:30 
Mosaic Room 


(C, ZENER presiding) 


Metals 


TAI. Domain Treatment of Order-Disorder Theory.* 
Louis Goin, Lincoln Laboratory.-Conventional theories of 
order-disorder (as the familiar Bragg-Williams or Bethe ap- 
proaches) have ignored domains! whose existence recently has 
received considerable confirmation.? Clearly the energetics of 
the system may become considerably altered by the sub- 
boundaries. Thus in addition to the usual free-energy mini- 
mization with respect to the long-range order parameter w, 
a separate minimization with respect to a domain size param- 
eter enters. The dependence of w upon 7° may be expressed 
in the form (k7T)*4+ PRT + FP, =0 where FP; and Fy, are rather 
involved functions of the binary composition, the coordination 
number and binding energies in a volume or surface region 
and w itself, It emerges then that more than one critical tem- 
perature may arise for a given composition —a situation which 
has no counterpart in extant theories. Calculations now are 
in progress to characterize domain sizes, free energies, and 
transition temperatures for typical alloys. 

* The research reported in this document was supported jointly by the 
U.S. Army, Navy, and Air Force under contract with M 


'Sykes and Jones, Proc, Roy. Sec. (London) AIST, 21 3 (1946) 
7A, KR. Ubbelohde, Brit. J. Appl. Phys. 7, 413 (1956). 


TA2. Thermal Conductivity in High-Resistivity Alloys. J. 
E. ZimmMermMan, Ford Motor Company.--Heat conduction 
measurements at helium temperatures have been made on a 
number of alloys of widely varying electrical resistivity and 
the lattice components of the thermal conductivities have been 
calculated. For low-resistivity specimens, the lattice conduc- 
tivities Ky have been found to be proportional to 7%, which, 
according to the thermal conductivity theory developed by 
Makinson (1938) and by later workers, is to be expected for 
the case of phonons scattered predominantly by the free elec- 
trons. This 7? behavior has been observed experimentally by 
a number of workers for various alloys. For the specimens of 
high electrical resistivity, a large linear term is observed in K,. 
This is not explained by the published theory, but agrees fairly 
closely with a recent theoretical treatment by Pippard (un- 
published) of the electron-phonon interaction when the electron 
mean free path is comparable with the phonon wavelength. 


TA3. Scattering of Electrons by Impurities in Metals. 
Laura M. Rorn,* Harvard University (introduced by Ben- 
jamin Lax).--Scattering of electrons by impurities in mono- 
valent metals has been studied by a Green's Function method. 
For the spherical model, a partial wave analysis resulted 
including the crystalline potential, as well as the impurity. 
The method was applied to monovalent impurities, and a 
generalization of Mott's! square well approximation obtained. 
The residual resistivity of noble metal alloys was computed 
using Kambe's? calculation for the wave functions. Agreement 
with experimental results is better than in the Mott approxi- 
mation. A calculation was also made for divalent impurities 
representing electronic screening with a constant additional 
potential inside the impurity cell and a screened Coulomb 
outside, adjusted so that Friedel's sum rule is obeyed for the 
total phase shifts. The quantum defect method was used for 
the impurity potential, and a perturbation method for the 
outside potential. Results for Zn, Cd, and Hg in Ag and Cu 
tend to follow experimental values, although they are some- 
what high. For Au, agreement is less satisfactory. 


* Now at Lincoln Laboratory. 
'N., F,. Mott, Proc. Cambridge Phil. Soc. 32, 281 (1936). 
*K. Kambe, Phys. Kev. 99, 419 (1955). 





TA4. Reversible Temperature Effects in the Reflectivity of 
CsCl-Type Alloys. L. Mutpawer, Temple University and 
Ford Motor Company.—A number of CsCl structure alloys 
undergo reversible color changes as a function of temperature. 
6 brass turns copper-red at about 250°C, the color changes 
taking place gradually. 6-AgZn is pink at room temperature, 
it is silver-gray at 250°C. Similar changes have been observed 
in B-AgCd, B-AuZn, and B-AuCd 
with the above observations have 
liquid nitrogen temperatures. Although disordering takes place 
in some of these alloys it is not thought that this color change 


Color changes consistent 


been noted on cooling to 


phenomenon is primarily due to disorder or to surface films 
Quantitative measurements of reflectivity as a function of 
wavelength at several temperatures have made on 
B brass, B-AuZn, and gold modified B-AgZn and B-AgCd. The 
reflectivity minimum for 8 brass at 27°C is at 4750 A, while 
at 275°C it is at 5000 A. This is a shift of about 5 K10™ ev/°C. 
No such color effects were observed with Cu, Au, Cu Au, or 
a brass. The possible nature of the effect will be discussed 


be en 


TAS. Some Thermal Radiation Properties of Metals.* 1 
D. ScuurIn ANd J. C. Morris, Armour Research Foundation 
The total 
denum, tantalum, and platinum have been measured as a 
300°F to 3000°F. The 
oxidized 


normal emissivities of nickel, copper, molyb- 
function of temperature in the range 
measurements were made in the polished and the 
states. Preliminary information on the angular distribution of 
the total radiation has been obtained and deviations from the 
Lambert law recorded. Values for the total hemi 
spherical emissivities have been calculated. The metals were 
prepared in the form of thin strips and heated by electrical 
conduction. Temperatures were measured with Pt-Pt 10% Rd 
thermocouples imbedded in the samples; the diameter of the 
thermocouple wires was 0.003 in. The radiation from the 
samples, chopped at 16 cps, was recorded with a thermistor 
detector incorporated into a folded optics system. The signal 
was compared to that from an experimental blackbody at the 
same temperature and the ratio of the signals taken as the 
emissivity. The measurements are in qualitative agreement 
with the hemispherical emissivity derived by 
Davisson and Weeks.' 

* Work sponsored by Wright Air Development Center 

1C, Davisson and J. R. Weeks, J. Opt. Soc. Am. and Re Sei. Instr, 8 
581 (1924). 


cosine 


relation for 


TAO. Polarization Effects in the Alkali Metals. Josreru 
CaLLAWAY,* University of Miami.—-An approximate potential 
is proposed to represent the effect of polarization of the atomi 
core by the valence electron in the alkali metals. This potential 


acts on the valence electron and is given by 


RK 
Vp(R) 2/R? x. f U¥* (r)r cosbg, (r)d*r, 


where U,; is the unperturbed wave function for core state 1 
and ¢, is the perturbed wave function calculated by Stern 
heimer.' First-order perturbation theory was applied to de 
termine the effect of this potential. Expectation values were 
found for the lowest state of the valence electron in the free 
atom and to order k? for the solid. The energies of the levels 
are lowered and an increase of the cohesive energy by 8.7 
kcal/mole was obtained for potassium. Smaller result 
obtained for sodium and lithium. 


were 


* Supported by the Office of Naval Research. 
1R. M, Sternheimer, Phys. Rev. 96, 951 (1954) 





SESSIONS 


TA7. Friedel Theory of Thermoelectric Power Applied to 
Magnesium Alloys. I. I. Satkovirz, A. I. SCHINDLER, AND 
FE. W. Kammer, U. S. Naval Research Laboratory.—In Frie- 
del's' theory of the thermoelectric power of alloys there ap- 
pears a parameter AY Er(d loge/dE)epr where Ey is the 
Fermi energy and Ap is the change in resistivity due to alloy- 
ing. The theory predicts AY is a constant independent of 
alloying. Since measurements of the thermoelectric power and 
resistivity have already been made on a series of dilute mag- 
nesium alloys,? the Friedel theory was applied to the data 
A plot was made of AY versus composition. A significant 
feature of the plot is that the data are separable into groups 
of curves, each relatively constant with composition. The 
separation into groups is found to be dependent upon the 
valence of the impurity atom. This indicates a dependence of 
AX upon the impurity valence, a feature not apparent in the 
copper alloys discussed by Friedel. In the Friedel theory the 
Fermi energy is assumed to remain constant as alloying takes 
place. However the data reported here indicate that this may 
not be the case for the magnesium alloys 


radium 14, 56 
and Kammer 


(1953 
to be 


1 J. Friedel, J. phys 


* Salkovitz, Schindler published 
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TA AND 


TA8. Electrical Resistivity of Thin Films of Potassium.* |) 
G. Worpent anno G. C. DanteL_son, Lowa State College.— The 
electrical resistivity of thin potassium films at 100°K has been 
measured as a function of thickness in the thickness range 148 
to 1600 A. The experimental results are in excellent agreement 
with Fuchs’ theoretical predictions in the range 500 to 1600 4 
and show that the scattering of the electrons at the film sur 
faces is completely diffuse. Comparison of experimental and 
theoretical curves gives a bulk resistivity parameter of 1.85 
pohm cm, a mean free path of 1180 A, and an electron to atom 
density ratio of 1.01. The films were deposited on a Pyrex 
substrate from a beam of vacuum 
chamber which had a pressure less than 5X10 * mm of Hg 
The film thickness, in each case, was computed from a known 
\ surface 


potassium vapor in a 


beam intensity, exposure time, and film density 
ionization detector was used to calibrate the beam intensity 
(J;) asa (7). The 
linear plot of log (J, 704) versus Ty ' gave a heat of sublimation 
for potassium at 480°K of 21.1 kcal/mole in good agreement 


function of effusion oven temperature 


with Brewer's value of 21.4 keal/mole within our experi 
mental error. 
* Work was performed in the Ames Laboratory of the Atomic 


Energy Commission 


1 Present address, G. KE, Research Laboratory 


Invited Paper 


TA9. Equations of State for Solid and Liquid Metals. GG. Borriius, J ekniska Hogskola, Stockholm 


(30 min.) 





SATURDAY MORNING AT 9:30 


Panel Room 


(C. E. MANDEVILLE presiding) 


Nuclear Reactions and Nuclear-Energy Levels, III 


Ul. Proton Bombardment of Natural Magnesium. Rowers 
T. Smiru, JrR., AND Davip BREITENBECHER, Wright-Patterson 
Air Force Base.--The 2-Mev Van de Graalf generator at this 
laboratory has been converted for positive ion acceleration 
and calibrated with the well-known resonances of fluorine at 
340.5, 669, 873.5, 935.3, and 1381 kev. An additional calibra- 
tion point was obtained at the 1.882-Mev threshold for the 
Li?(p,n) Be’ reaction. Thin natural magnesium targets «vapo- 
rated on 0.005 in. tantalum backing have been bombarded by 
protons in the energy range from 250 kev to 2100 kev. Gamma- 
ray yield per proton detected by a 2-in. Nal erystal on 6292 
photomultiplier tube is plotted as a function of energy. For 
proton energies up to 1.3 Mev the known resonances'? for all 
three isotopes were obtained with an additional resonance at 
E, =623 kev which appears to be due to Mg** excitation. Above 
1.3 Mev new resonances were found for E, = 1335, 1381, 1592, 
1647, 1687, 1742, 1760, 1770, 1800, 1845, 1922, 1955, and 
2088 kev. Most of 1500 kev have a 
width at half-maximum around 7 to 15 kev and appear to be 
the result of My™ excitation. 


the resonances above 


1P. M. Endt and J. O 
? Litherland, Paul, Gove 


Kluy 


er, Re Modern Ph 26, 95 (1954 
and Bartholomew, Ph 


Rev. 102, 208 (1956 


U2. Angular Distribution of N'* from Mg**(N'‘,N'*)Mg*’. 
M. L. HaLBert AND A. Zucker, Oak Ridge National Labora 
tory. —The angular distribution of 10-min N“ has been mea 
ured at 27.5 Mev by a simple activation technique. The ob 
served N™ must have been produced in its ground state be 
cause excited states are unstable to particle emission. The 
distribution of N“ from reactions in which the residual Mg** 


is left with less than ~S Mev excitation has a peak at about 
64° (center-of-mass angle for ground state). At forward angles 
da /dw is less than fy of its peak value; the rise begins near 45° 
At 80° it has dropped to about half its peak value. If this reac 

tion is considered as Rutherford scattering with an incidental 
transfer of a neutron, the distance of closest approach of the 
two nuclei can be calculated for a given angle and incident 
energy. Expressing this distance as Do(14'425')K10-" em, 
the peak corresponds to Do~1.9, and the half-value point on 
the rise to Do~2.2 
not touching. The drop at large angles presumably results from 


Most transfers occur when the nuclei are 


competition with compound nucleus formation (80° corre 
sponds to De~1.6). Roughly 25% of the transfers leave My** 
excited more than 5 Mev, and N®™ from these i 
larger angle 


peaked at 


U3. Nitrogen-Induced Neutron Transfer Reactions in Be, 
C, O, Na, Mg™, Mg*, Mg*. A. Zucker, M. L. Harner, 
T. H. Hanprey, J. J. PINaytan, and W. HE. Wenn, Oak Ridge 
Vational Laboratory. -k-xcitation functions were measured for 
the production of 10.1-min N™ from the bombardment of Be’, 
C0" Na®, Me™, Mg®* and My** by energetic nitrogen tons 
The incident energy was varied from 16 to 28 Mev by placing 
nickel absorbers in the beam. N™ was chemically 
from the targets and thick target yields were established by 


eparated 
absolute beta counting. It was found that the cross sections 
for the transfer of a neutron from the nitrogen to the target 
nucleus are strongly QO dependent. For example, at the maxi 
mum beam energy the transfer cross section for Mg* is 2.8 mb, 
while for O' at the same energy the cross section is 0.12 mb 
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If the cross sections are plotted as a function of E* = Eom 

Ever +Q a uniform behavior becomes apparent for most of 
the transfer cross sections. The cross sections for transfer reac 
tion drop less steeply below E* <0 than the cross sections for 
reactions in which a few particles are emitted from a compound 
nucleus. Above E* «0 the transfer reaction cross sections seem 
to level off at about 3 mb, while the evaporation cross sections 
rise to a few hundred millibarns. 


U4. Inelastic Proton Scattering from Phosphorus and Zinc.* 
D. M. Van Patrrer, M. A. Roruman, W. C. Porter, AND 
C, FE. Manpevitie, Bartol Research Foundation.—-Inelastic 
proton spectra from targets containing phosphorus and zinc 
have been studied at bombarding energies of 3.72 and 4.66 
Mev using a double-focusing magnetic spectrometer. Proton 
groups have been observed corresponding to levels in P™ at 
1.264 +0.004, 2.231+40.006, 3.136+4-0.008, and 3.295 +-0.006 
Mey, in excellent agreement with the independent measure- 
ments of Endt et al.! Excitation curves for these four inelastic 
proton groups measured in the region of Ep =4.55 to 4.70 Mev 
show the same general resonant structure, although differing 
in detail. At Ep =4.66 Mev, no additional groups from P# 
were observed for the excitation region 0-1.26 Mev with an 
intensity greater than 2% of the intensity of the first excited 
state group. Four inelastic proton groups were observed from 
zinc. From a comparison with the known level schemes of the 
zinc isotopes, three of these groups were assigned to the follow- 
ing isotopes: Zn™ 0.991 +0.005 Mev; Zn 1.038+0.005 Mev; 
and Zn 1.07840.005 Mev. The remaining group with 
Q = — 1,802 40.007 Mev remains unassigned. 

* This research was supported by the U.S. Air Force, through the Office 


of Scientific Research of the Air Research and Development Command 
'P. M, Endt et al, (private communication). 


US. Reactions of Alpha Particles with Fe*'.* |. M. MILLER 
AND F. S. Houck, Columbia University and Brookhaven 
National Laboratory.-Excitation functions have been deter- 
mined for the (a,n), (a,p), (a,2n), (a,pn), (a,p2n), and (a,2pn) 
reactions between Fe“ and alpha particles ranging in energy 
from 5 to 40 Mev. It was found that the (a,p) cross section 
was approximately three times that of the (a,") reaction for 
iucident energies exceeding the (a,) threshold by a few Mev; 
while for energies exceeding the (a,2n) threshold by a few Mev 
the (a,pn) cross section was about sixty times that of the 
(a,2n) reaction. Evidently, processes in which the proton is 
the second particle emitted make a major contribution to the 
(a,pn) reaction with Fe“, That an intermediate nucleus in 
this reaction, Ni*’, should favor proton emission is probably a 
consequence of the doubly magic, 7, =0, character of Ni*, 
the product of the competing neutron emission from Ni®. 
From an analysis of the relative probabilities for one and two 
particle evaporation from the compound nucleus, Ni®, a value 
of 1.1 was found for “a,” the level density parameter.' 

* Work supported in part by the U.S, Atomic Energy Commission. 


' J, Blatt and V, Weisskopf, Theoretical Nuclear Physics (John Wiley and 
Sons, Inc., New York, 1952), p. 371. 


U6. Lifetimes of the First Excited States of Ca‘’ and Zr’’.* 
R. M. Kvoerrrr, R. B. Day, ann D. A. Linn, Los Alamos 
Scientific Laboratory.-The first excited states of Ca® and 
Zr™ are 0* states which decay to the 0* ground states prin- 
cipally by the emission of internal pairs or conversion elec- 
trons. In the work reported here these states have been excited 
by neutron inelastic scattering and their decay times have been 
observed by detecting the 0.51-Mev gamma rays resulting 
from the annihilation of the positrons. The experimental 
method utilized a pulsed neutron source and the standard ring 
geometry often used for inelastic scattering measurements 
Because of the large background present it was necessary to 
measure the pulse-height spectrum from the Nal (TI) scintilla- 
tion counter as a function of delay time after the neutron pulse 


and to obtain the intensity of the annihilation radiation from 
the area under the 0.51-Mev photopeak. Fast time measure- 
ments were made with the aid of a time-to-pulse-height con- 
verter. Successive portions of the converted time spectrum 
were selected by a single-channel analyzer whose output gated 
the 100-channel analyzer used to obtain the pulse-height dis- 
tributions. Preliminary results, which are subject to later cor- 
rections, give half-lives for the first excited states of Ca® and 
Zr™ of 1.4% 10~% sec and 5K 10~* sec, respectively. A compari- 
son of these lifetimes with theoretical expectations will be 
presented. 

Atomic Energy 


*Work performed under the auspices of the U. S 


Commission 


U7. Compound States Formed in the Reactions Fe**(p,p'y) 
and Ti‘*(p,p’7).* F. W. Prosser, Jr., C. M. Crass, R. H. 
Davis, J. H. Jounson, anv J. P. Scutrrer,t The Rice Insti- 
tute.—The excitation curves for inelastic scattering to the 2* 
first excited states in Fe“ and Ti** have been determined for 
proton bombarding energies between 2.5 and 5.0 Mev. This 
has been done by measuring the yield of the well-resolved 
y rays of 1.41 Mev from Fe™ and 0.89 Mev from Ti**. The 
bombarding energies used correspond to mean excitation 
energies in the compound nuclei of 9 and 8 Mev, respectively. 
By using an isotopically enriched target 2 kev thick, approxi- 
mately 130 resonances were located in Fe™ of which about 70 
were sufficiently intense to permit the measurement of the 
y-ray angular distribution. In Ti**, 90 intense resonances were 
studied in a similar way. In the majority of these cases the 
distributions of the 7 radiation are consistent with spin assign- 
ment of 3/2 or 5/2 to the compound states, formed by d-wave 
and decaying by s-wave protons. The absolute yield of these 
states was measured in order to obtain the integrated cross 
section. 


* Supported in part by the U.S. Atomic knergy Commission 


t Now at the Argonne National Laboratory 


U8. Level Parameters of the Compound States Derived 
from the Fe"'(p,p’y) and Ti**(p,p'y) Reactions.* R. H. Davis, 
F. W. Prosser, Jr., AND C. M. Crass, The Rice Institute 
The inelastic scattering of low-energy protons from the 2* 
first excited states of even-even nuclei in the mass range 
40 <A <60 occurs preferentially by way of compound states 
with spins 5/2* or 3/2* with 1/=0 for the emitted protons. In 
Fe and Ti* about 150 such states have been observed, and 
in Ni® about 35 more have been reported.' From the measured 
integrated cross sections for these states, s-wave reduced 
widths can be derived which are accurate to about a factor of 
two apart from a systematic uncertainty in the penetrabilities. 
From the reduced widths and the observed level spacings, the 
strength functions (y2)/D, which the optical model predicts to 
show a maximum in this region of A for s-wave neutrons, have 
been calculated. The distribution of reduced widths also has 
been determined and agrees qualitatively with that found in 
the neutron measurements. Experimental evidence suggests 
that both the level spacings and the reduced widths are spin 
dependent. 


* Supported in part by the U. S. Atomic Energy Commission 
' Shiffer, Moore, and Class, Phys. Re 104, 1661 (1956) 


U9. Measurements of y’/D for Inelastic Proton Scattering 
Using Thick Targets.* J. P. Scuirrer, The Rice Institute and 
Argonne National Laboratory, AND R. H. Davis anp F. W. 
Prosser, Jr., The Rice Institute.The thick target yields for 
inelastic scattering of protons on even-even nuclei can be used, 
under certain conditions, as a measure of the strength function, 
42/D. for the channel of s-wave inelastic protons from the 
compound nucleus. The principal conditions are that the 
inelastic proton energy be sufficiently small compared to the 
Coulomb barrier to inhibit other / values and that the inelastic 
scattering should occur from a 0* ground state to a 2* excited 
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state. [i appears from measurements on seven isotopes, be- 
tween A =46 and 60, that 42/D is constant within 50°). This 
may be compared with the resonance in T,°/D found in neu- 
tron scattering experiments on nuclei in this region. 


* Supported in part by the U.S. Atomic Energy Commission 


U10. Coulomb Excitation of Levels in Fe’. N. ?. Heypen 
BURG AND G. F. Pieper, DTM, Carnegie Institution of Wash- 
ington.—Gamma rays of energies 350, 230, and 123 kev have 
been observed from Coulomb excitation by alpha bombard- 
ment of an enriched Fe*’ target. Using Fe**(d,p)Fe*’, Sperduto 
and Buechner! observed levels in Fe®’ at 14, 137, and 365 kev 
We assign the 350-kev and 230-kev gamma rays to cascade 
transitions from the 365 to the 14 and 137 levels, respectively. 
Thick target excitation curves show that the 123-kev gamma 
ray is primarily the result of Coulomb excitation of the 137 
level and that the 350-kev and 230-kev gamma rays are the 
result of Coulomb excitation of the 365 level. The branching 
ratio of the 350-kev and 230-kev transitions was observed to 
be 13:1. No transition between the 365 level and the spin 1/2 
ground state was observed; if such a transition exists, its 
intensity is less than 5% of the 350-kev radiation. On the basis 
of these observations, we tentatively assign spin 5/2~> to the 
365 level. Coincidence between cascading 
gamma rays are in p. gress. 


measurements 


223 


1A. Sperduto and W. W 
(1956). 


Buechner, Bull. Am. Phys, Soc. Ser, Il, 1 


U11. Excited States of Ni*® and Ni®.* C. H. Paris Anp 
W. W. Buecuner, M. J. T.—Thin natural nickel targets and 
NiO targets enriched in Ni** have been bombarded with 7.0- 
Mev and 6.5-Mev protons from the MIT-ONR generator 
The emerging protons have been analyzed at 30, 90, and 130 
degrees with the broad-range spectrograph. Inelastically 
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scattered proton groups, corresponding to levels in Ni** were 
observed at 1.451 40.007; 2.458 4.0.007 ; 2.773 4-0.007 ; 2.900 
+0.006; (2.93940.006); 3.03540.006; 3.2604-0.006; and 
3.41840.005 Mev. From comparison of the proton groups 
resulting from the bombardments of the natural nickel target 
and the target enriched in Ni, the following levels are as- 
signed to Ni®: 1.33240,010; 2.15840.010; 2.285+40.010; 
2.505+40.010; 2.62740.010; 3.11940.010; 3.18540.010; 
3.192 +0.010; 3.31640.010; and 3.391 40.010 Mev. A level at 
(1.17240.010) Mev is tentatively assigned to Ni® 


* This work was supported in part by the joint program of the Office of 
Naval Research and the U.S. Atomic nergy Commission 


U12. Study of Cu"*(p,n)Zn*** Reaction by Conversion Elec- 
trons.* E. M. Bernstein anv H. W. Lewis, Duke University. 

A study has been made of the prompt internal conversion 
electrons from low-energy transitions in Zn excited by the 
Cu"*(p.n)Zn®™* reaction. The electron spectrum from a thin 
Cu foil bombarded with 3 to 4 Mev protons was analyzed with 
a magnetic f-ray spectrometer. Previous investigation’ of the 
neutrons from this reaction at 3 Mev bombarding energy 
showed the existence of a neutron group corresponding to a 
level at 118 kev and of intensity approximately equal to that 
of the ground state. Trancitions of 52, 92, and 114 kev have 
been reported? in the positron decay of Ga®, In the present 
experiment the following transitions in Zn® have been ob- 
served (the K to L4+M ratios, where measured, are given 
following the transition energy in kev) ; 5443; 8843; 11943, 
8.5;15543, 7.2; 20944. Evidence is also found for a transition 
of 6543 kev. Interpretation of the data gives levels in Zn at 
5443, 11943, and 20944 kev with the levels at 119 and 209 
kev being directly excited by the p-n reaction. 

* Supported by the U.S. Atomic Energy Commission 


' J. B. Marion and R. A. Chapman, Phys. Rev. 101, 284 (1956 
2H. Crasemann, Phys. Rev, 93, 1044 (1954) 
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Theoretical Physics, V: High-Energy Scattering 


UAI. Properties of the Fixed Source Meson Theory.* 
KatsuM! TANAKA, Argonne National Laboratory. ~The re- 
normalized p-wave coupling constant f? is determined from 
experiments. We solve a set of equations proposed by Ekstein! 
which are essentially of the type (Wg, (/7,A }Wo) =0 to compute 
the ratio p1(p2) of the matrix elements of the operator r(a7r) 
between physical nucleon states and those between bare states, 
1 is the total Hamiltonian given by Chew and Low and A is 
a normal product of creation destruction operators and or 
operators. The ratios are expressed in terms of f? and a cutoff 
£2. A sum rule in terms of an integral over the phase shift 6,3, 
pipe, and f? is obtained from relations given by Cini and 
Fubini.? Finally substituting p; and p2 into the sum rule we 
find f?=0.09 for Q@=5 yu. We then calculate the expectation 
value of the number, charge, and energy of the meson cloud of 
the nucleon in terms of f? and Q@ without making use of the 
experimental data. 


*Work performed under the auspices of the U. S. Atomic Energy 
Commission. 
1H. Ekstein, Nuovo cimento (to be published 


2M. Cini and S. Fubiri, Nuovo cimento 3, 764 (1956) 


UA2. On the Soluble Model of s State Meson-Nucleon 
Scat‘ering.* E. Lomon, Cornell University. —The s state meson 


nucleon scattering phase shifts have been obtained as exact 
solutions of a Hamiltonian which may plausibly represent the 
main s§ state contribution of the ps(ps) Hamiltonian in a non 
relativistic approximation.' The phase shift solutions will be 
discussed as a function of the parameters (two coupling con 
stants and a cutoff). It will appear that for allowable values 
of the parameters, the isotopic spin 4 state must change sign 
for k/u <2.3. The commutation rules of the “double operators” 
will be discussed to clarify the derivation of reference 1. In 
addition the formalism for the treatment of inelastic scattering 
will be developed. The probability amplitude for any odd 
number n of nucleons to come out of the reaction is obtainable 
exactly by determining the wave function W that satisfies 
(Pu Py t+ wPQiOOWV =o up that in 
cludes <n real outgoing mesons. Px, Ps, Qe, and Oy are the 
“double operators"’ which diagonalize the Hamiltonian. 


to an approximation 


* Supported in part by joint program of the Office of Naval Research 


and the U.S. Atomic Energy Commission 
ik. Lomon, Nuovo cimento 4, 106 (1956) 


UA3. Dispersion Relations for Fixed Source Meson 
Theories. Kk. hk. Nokron AND AprRattamM Kirin, University of 
Pennsylvania. —Dispersion relations have been constructed 
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for all transition processes of a scalar meson field (x) 
coupled to a fixed extended source p(x) by means of the inter- 
action 


N 
HH’ = % dil Sp(x)o(x)d*x)', 
it~! 


involving N terms, the ith term describing an i-fold vertex. 
The relations were obtained for the ratio of the general transi- 
tion amplitude to a suitable product of the Fourier transforms 
of the source functions, since this ratio has a known depend- 
ence on the total energy of the system. The salient charac- 
teristics of the resulting system of equations are that they in- 
volve in all only N arbitrary constants, but that their use for 
multiple boson processes requires knowledge of the imaginary 
part of the amplitudes for energies below the physical thres- 
holds. We are studying the question of the completeness of 
the relations, i.e., the sense in which they exhaust the content 
of the theory. 


UA4. Isobaric Nucleon Model for Pion Production in 
Nucleon-Nucleon Collisions.* R. M. SrerNHEIMER AND S. J. 
LiInDENBAUM, Brookhaven National Laboratory.—A detailed 
quantitative model for pion production in nucleon-nucleon 
collisions via excitation of one or both nucleons to an isobaric 
state, with subsequent decay by pion emission, is presented. 
The model is used in the range of incident nucleon energies 
from 0.8 to 3.0 Bev and its predictions are compared with 
various experiments in this energy range performed at the 
Brookhaven Cosmotron, The isobaric state with isotopic spin 
and angular momentum=4 observed in the pion-nucleon 
scattering was assumed to be predominantly responsible for 
pion production in this energy range. The relative probability 
for producing isobars of different mass (total energy in 
isobar rest system) was phenomenologically related to the 
nw’ +p total scattering cross section and to the phase space 
available for the isobar, The energy spectra of pions and recoil 
nucleons, the variation of the ratio of double to single produc- 
tion, the angular correlations and Q-value distributions for 
pion-nucleon pairs have been calculated at various energies 
from 0.8 to 3.0 Bev. These results are in reasonable agreement 
with the experimental data. 


*Work performed under the auspices of the U, S. Atomic Energy 
Commission, 


UAS. Pion Production in Pion-Nucleon Collisions.* L. S. 
Ropperc,t M.1.7.—The T matrix describing the production 
of p-wave pions in pion-nucleon collisions has been investi- 
gated using the Chew-Low! formalism. Methods analogous to 
those of reference 1 were used, and an approximate solution 
was obtained including one-meson intermediate states. This 
solution satisfies an approximate form of the unitarity re- 
quirement. Numerical evaluation of the production cross 
sections, using extrapolations of the known low-energy 
scattering data, shows a peak for incident meson kinetic 
energies of about 700 Mev. The magnitudes of the production 
cross sections are uncertain since the scattering phase shifts 
for high energies are not known. Estimates give production 
cross sections of about 1 mb. The solutions have been used to 
obtain the two-meson corrections to the Chew-Low equation 
for the scattering amplitude. These are found to be quite 
small. 

* Supported in part by the joint program of the Office of Naval Research 
and the U.S, Atomic Energy Commission. 

t National Science Foundation Predoctoral Fellow, 1954-1956, 

1G. F, Chew and F, ik. Low, Phys. Rev. 101, 1570 (1956), 

1 The production amplitude is expressed in terms of scattering amplitudes 


describing the two outgoing mesons and the incoming meson; thus know! 
edge of the high-energy scattering phase shifts is required. 


UA6. Radiative Meson Scattering. R. E. Curkosky, Car- 
negie Institute of Technology.—The static source model of the 


pion-nucleon interaction has been used to calculate the 
bremsstrahlung emitted in pion-proton scattering. Applica- 
tion of the methods of Chew and Low! and Wick? enables one 
to express the matrix element for radiative meson scattering 
in terms of the scattering phase shifts and other experi- 
mentally determined quantities provided the static source 
movel is valid. Comparison of experimental results with 
those calculated using this simple model will, therefore, sug- 
gest the refinements which are needed. In the numerical 
calculations, certain corrections for nucleon recoil and S-wave 
scattering were incorporated in a semiphenomenological way 
by comparing with the semiclassical result; other corrections 
which are not unambiguous were left ou.. Gamma-ray spectra 
at several angles were calculated for the scattering of positive 
pions by protons at laboratory energies of 130 Mev, 175 Mev, 
and 220 Mev. The total cross sections for emission of gamma 
rays with energies (in the c.m. system) greater than 30 Mev 
are calculated to be 0.17 mb at 130 Mev, 0.42 mb at 175 Mev, 
and 0.59 mb at 220 Mev. 


1G. F, Chew and F 
2G. C, Wick, Revs 


Low, Phys. Rev. 101 1956) 


Modern Phys. 27, 339 


1570, 1579 
(1955). 


UA7. Photodisintegration of He‘.* M. L. RusrGi anp J.S. 
LevInGER, Louisiana State University.-We apply sum rules! 
to calculate the electric dipole bremsstrahlung-weighted cross 
section a, and the integrated cross section oja1, using Irving's? 
helium wave function for tensor forces. We compare our results 
with values found from the experiments of de Saussure and 
Osborne,*? Smith and Barton,‘ and others,? integrated to 150 
Mev. The experimental values are oy =2.5 mb and ojnt=120 
Mev-mb; while the theoretical values are a, =1.25 mb and 
aint =60 (1+0.70x%+0.18x') Mev-mb. Here x and x’ are the 
fractions of central and tensor potentials, respectively, that 
have the Majorana exchange character. The low theoretical 
value for a, may be related to the small root-mean-square 
radius of the alpha particle® given by Irving's wave function 

* Supported by the Research Corporation 

1 J. S. Levinger, Phys. Rev. 97, 122 (1955) 


1). Irving, Proc, Phys. Soc. (London) A66, 17 (1953) 
*G. de Saussure and L. S. Osborne, Phys. Rev, 99, 843 (1955) 


‘J. S. Smith and M, Q. Barton, Phys. Rev. 100, 1265(A) (1955), and 
private communication 
*R. Hofstadter, Revs. Modern Phys. 28, 214 (1956 


UA8. Some Aspects of the Structure of Nucleons as De- 
duced from Electron Scattering Experiments. 8B. |. Fen, 
M.1.T.—Experiments on the scattering of electrons by protons 
yield the value (r*)p40.8 fermi for the spread of the charge 
cloud associated with the proton.' Neutron-electron scattering 
indicates, for the neutron charge distribution, (r?)y*<0.2 
fermi. These charge spreads cannot arise solely from the pion 
clouds in the nucleons since charge independence requires that 
these be identical, except for a reversal of sign, in the neutron 
and proton. The asymmetry introduced by the hyperon, K- 
meson interaction? may be shown to be insufficiently large to 
account for the difference. Thus, short of a breakdown of 
electrodynamics, one is forced to the conclusion that the 
nucleon “‘core’’ has a spacial extent of the same order as the 
pion cloud. A simple model of the nucleon, which embodies 
these properties as well as other known aspects of the meson- 
nucleon interaction, will be presented and discussed. 


* This work was supported in part by the joint program of the Office of 


Naval Research and the U. S. Atomic Energy Commission 
1R, Hofstadter, Revs. Modern Phys. 28, 214 (1956 
2G. Sandri, Vhys. Rev. 101, 1616 (1956 


UA9. Proton Polarization Correction to Electron-Proton 
Scattering. S. D). Drei, Stanford University, AND M. A. 
RUDERMAN, University of California, Berkeley.—-In analyses of 
the scattering of high-energy electrons by protons! the electric 
charge and magnetic-moment distributions of the proton have 
been treated as if rigid. This ignores effects on the scattering 
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due to the electron-induced polarization of this charge and 
current cloud. This polarization is responsible for the nuclear 
Compton effect. Although it contributes only e? corrections to 
the main term of the electron-proton scattering amplitude, 
the proton polarizability can be anomalously large near those 
frequencies for which photomeson production is big, 
hw from 200 to 400 Mev. These are also the significant electro 
magnetic-field frequencies felt by the proton in small impact 
parameter, large-angle electron scatterings which are sensitive 
to the charge and current distribution of the proton. In this 
work the polarization contribution to the observed scattering 


1.¢ 


is evaluated. For electrons scattered through 90° it is found to 
i Bee , 
be = 4% at 400 Mev and an increasing function of energy 


1E. E, Chambers and R. Hofstadter, Ph Re 103, 1454 (1956 


UA10. Nuclear Cascades. I. Mechanics and Low Energy 
Studies. R. Bivins, N. Merropotis, AND M. Srorm,* Los 
Alamos Scientific Laboratory, A. Turkrvicn, University of 
Chicago, J. M. Miter, Columbia University, AND G. Friep- 
LANDER, Brookhaven National Laboratory. -Nuclear 
calculations have been carried out at the MANIAC electronic 
computer. Previous Monte Carlo calculations of this type! 


cast ade 


have been extended into the Bev region as well as improved 
statistically at lower energies 
was used, and nucleons and charged and neutral pions followed 


\ three-dimensional geometry 


Except in absorption processes the particles were assumed to 
interact with individual nucleons inside the nucleus accord- 
ing to observed free scattering cross sections. The absorption 
of pions was assumed to take place via a two nucleon process.* 
The single and double production of mesons was taken as iso 
tropic with equal sharing of momenta among the particles 
involved in the center of mass of the collision. The number, 
kind, energy, and direction of the emitted particles in each 
cascade and the nature and state of excitation of the residual 


A 


nucleus were tabulated and then analyzed statistically. 
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typical study involved about 10° incident particles 
nuclei investigated were Al, Cu, Ru, Ce, Bi, and | 
parison of the low-energy cascades with experiments and a few 
summaries will be presented. 


*Now with Midwestern Universities Research Association (MURA 
Madison, Wisconsin 

1M. L. Goldberger, Phys. Rev. 74, 1268 (1948); Bernardini, Booth, and 
Lindenbaum, Phys. Rev. 88, 1017 (1952); McManus, Sharp, and Gellman, 
Phys. Rev, 93, 924(A) (1954 J. W. Meadows, Phys. Rev, 08, 744 (1955 

kg. N.C. Francis and K. M. Watson, A. J. Phys. 21, 659 (1955 


UAI1. Nuclear Cascades. Il. High-Energy Results.* (, 
FRIEDLANDER AND J. M. Mitver, Brookhaven National 
Laboratory and Columbia University, N. Merrrovorts, BR 
Bivins, AND M. Srorm, Los Alamos Scientific Laboratory, 
AND A. Turkevicu, University of Chicago. The results of 
the Monte Carlo of high-energy intranuclear 
cascades described in the previous abstract have been ex 
amined in the energy region in which meson processe 
significant. The calculation predicts that the average number 


calculation 
silt 
of cascade nucleons emitted per inelastic event is remarkably 
independent of target clement (Al to U), but increases with 
increasing incident energy from about 3 at 400 Mey to about 
8 at 2 Bev. Pion production per nuclear interaction is approxi 
mately the same for all targets at a given proton energy and 
mcreases by roughly atl order ol magnitude whe i the energy 


goes from 0.45 to 2.0 Bev. Excitation energies of residual 
nuclei increase sharply with increasing incident energy and 
with increasing mass of target nucleus. The results of the 


calculations will be compared with radio-chemical data tor the 


case of 2-Bev proton bombardment of copper! and with pion 


(M. ZEMANSKY presiding) 


Cryogenics 


Vl. Carbon Resistance Thermometry below 1°K.* J. Nicor 
AND T. SOLLER, Amherst Coilege.—-In an effort to obtain a 
predictable and reproducible secondary thermometer for use 
with cascade adiabatic demagnetization techniques! the tem- 
perature variation of resistance of sixteen different commercial 
carbon resistors has been examined between 0.1°K and 4.2°K 
4.2 KK and 1 K and 


the observed resistance values below 1°K compared with the 


The resistors were calibrated between 
predictions of the calibration equation. Agreement with an 
A log R(log R 
for two groups of resistors distinguished by significantly dif- 
ferent values of A and B. For one group Rk =900 ohms at 
4.2°K and 6500 ohms at 0.3°K for a nominal 470 ohms re- 
sistor, corresponding to A =0.1 and B 
with A =1.67 and B=1.0 for the other group* in which a 
nominal! 10-ohms resistor exceeds 10 megohms at 0.3°K. The 


equation of the f rm: T B)? was obtained 


2.69. These compare 


lower resistance values at temperatures below 1°K with ade- 


multiplicities, energy spectra, and angular distributions ob 
served in emulsion exposures to a 500-Mev #> beam? 
* Work pported by the \tomic bnergy Commi i“ 
tb riedlander, Miller, Wollgang, Hudis, and Baker, Ph ie “4 
1954 
2M. Blau and M. Caulton, Phys. Rev. 96, 150 (1954 
MorNING AT 10:00 
sallroom 
quate temperature sensitivity suggest that the 470-ohms 


resistor will be useful as a thermomenter below 1°K 


* Work supported by National Science Foundation and Office of Naval 
Research 
'J. Nicol, Proceedings of the Baton Rouge Conference on Low Tem 
perature Physics and Chemistry (1955), p. 39 
J. KR, Clement, quoted by Pearce et al., Rev, Sci, Instr, 27, 240 (1956) 
‘Clement, Quinnell, Steele, Hein, and Dolecek, Kev. Sei, Inatr, 24, 545 
1954) 


V2. Nuclear Spin Coupling in Solid He*.* Hl. Veimakorr, 
Washington University. A theoretical description has been 
attempted of cooperative nuclear magnetic effects in solid 
olid He*® are 
aligned antiparallel with a transition temperature that de 
(4°K at 0 
10° atmos). Thus the entropy, at sufficiently 


He*. It is predicted that the nuclear spins in 


creases with 
e10°*°K at 
low temperatures, increases with increasing pressure so that 


increasing pressure Atmos, 


solid He* will have a negative thermal expansion coefficient, 
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and, will be cooled by adiabatic compression. The “anti- 
ferromagnetic’ tendency in solid He’ arises mainly from the 
dependence of the kinetic energy of the barrier tunneling motion 
on the “degree’’ of space symmetry and so the “degree” of 
spin antisymmetry of the wave function of all the atoms. The 
barrier tunneling—itself important because of the large zero 
point vibrations—is that associated with He* atoms passing 
from one lattice cell to another. 


ad Fpeported by the joint program of the Office of Naval Research and 
the U.S. Atomic Energy Commission. 


V3. Viscosity of Liquid He? and of Liquid He‘*.* R. DEAN 
TAYLOR AND J, G. Dasn, Los Alamos Scientific Laboratory.— 
Oscillating disk studies have yielded new measurements of 
the viscosity of liquid He* from 1.3°K to the critical point 
and of liquid Het from 1.25° to 4°K. Detailed study of Het 
in the neighborhood of the lambda point shows that the 
viscosity is continuous through the He I — He II transition, but 
that its temperature derivative is discontinuous. Viscosity 
values in He I (27.8uP at 2.1735°, 37.3uP at 2.6°, and 36.0uP 
at 4.0°K) show a similar temperature dependence to that re- 
ported by other investigators. In He II viscosity values 
(24.5u/? at 2.160°, 16.0¢P at 2.0°, 16.54? at 1.5°, and 23.9¢P 
at 1.3°K) confirm published viscometer results of Heikkila 
and Hallet! down to 1.5°K but are progressively higher at 
lower temperatures, The temperature derivative of the kine- 
matic viscosity n/p, shows no detectable discontinuity at 
T) indicating that the large slope discontinuities in » and p, 
are of the same magnitude. The viscosity of He’ rises from 
18.7uP at 3.35° to 26.8uP at 1.3°K, varying as 7° over the 
entire range. 

S. Atomic 


*Work performed under the auspices of the U. Energy 


Commission, 

1W. J. Heikkila and A. C, Hollis Hallet, Can. J. Phys. 33, 420 (1955). 

V4. Specific Heat of Liquid He‘ between 0.4 and 1.5°K.* 
A. H. Markuam, D. C. Pearce,t R. G. Netzer, ann J. R. 
DILLINGER, University of Wisconsin.—The specific heat of 
liquid He‘ under its saturated vapor pressure has been meas- 
ured using two different calorimeters. Between 0.4 and 1.0°K 
an open-capsule calorimeter was used with arrangements for 
putting different amounts of helium in with the paramagnetic 
salt. Thus, the heat capacity of the salt and calorimeter could 
be subtracted out. Between 0.75 and 1.5°K a calorimeter was 
used in which the sample holder contained only liquid helium, 
the heater, and carbon resistor thermometer. Therefore, no 
salt or vapor corrections were necessary. Below 0.65°K the 
specific heat could be represented by 2.2210*T* joules 
g' deg. The constant is approximately 6% smaller than 
reported by Kramers,' and within experimental error agrees 
with theoretical predictions based on published first sound 
velocities.2 We found lower values below 1°K and higher 
values above 1.1°K than those reported by Kramers. Above 
1.1°K our values are in fair agreement with those of Hercus 
and Wilks.’ Possibilities of accounting for discrepancies among 
various sets of data on the basis of different surface-to-volume 
ratios characteristic of the calorimeters used will be discussed. 

* This work was supported in part by the Wisconsin Alumni Research 
Foundation and in part by the U, S. Atomic Energy Commission. 

t Now with the National Research Council of Canada at Ottawa. 

' pramers, Waasscher, ong Gorter, veins 18, 329 (1952). 

‘K. R. Atkins and C, EF. Chase, Proc. Phys. Soc. (London) A64, 826 


(1951 
*G. R. Hereus and J. Wilks, Phil, Mag. 45, 1163 (1954). 


VS. Thermal Conductivity of Liquid Helium-3.* ). M. Lee, 
R. J. DONNELLY, AND Henry A. FArrBANK, Yale University.— 
The transport of heat in liquid He* has been investigated and 
no evidence of supertluidity was observed down to 0.3°K, the 
heat flux being proportional to the temperature gradient. The 
thermal conductivity increased from a value of 0.7 K 10~* watt/ 
cm °K at 0.3°K to 1.9X10™ watt/em °K at 2.7°K. This 
behavior is similar to that of He‘ above the \ point! and in fair 
agreement with the classical kinetic theory expression K 





=2.5C m. The method of measurement closely resembles that 
used by Fairbank and Wilks for liquid Het. 


* Assisted by the Office of Ordnance Research and the Research Cor 
poraren- 
1 C, Grenier, Phys. Rev. 83, 598 
1H. A. Fairbank and J. Wilks, Proc 


1951 


R oy. Soc. (London) A231, 545 (1954 


V6. (Abstract withdrawn.) 


V7. (Abstract withdrawn.) 


V8. Chemical Equilibrium Approach to Superconductivity. 
M. R. Scnarrotu, S. T. BurLer, AND J. M. BLatr, University 
of Sydney, Australia.—A charged ideal Bose-Einstein gas is a 
superconductor below its transition point. In a metal, elec- 
trons can pair up to form effective Bose particles. Since these 
pairs are not bound states, the usual theory of chemical 
equilibrium is not applicable. In our extension of this theory, 
the fundamental quantity is not the Hamiltonian of the 
molecule and its eigenstates, but rather the pair correlation 
operator and its eigenstates. Unlike the Hamiltonian operator 
of the pair, the pair correlation operator has only discrete 
eigenstates, and the distinction between bound and unbound 
states of the molecule disappears from the theory. By in- 
cluding dynamical correlations only up to pair correlations, but 
including correlations due to the exclusion principle to 
infinite order, the many-body problem reduces approximately 
to an equivalent two-body problem. This latter problem has 
not been solved yet, but reasonable assumptions about its 
solution yield a thermodynamic transition to a state obeying 
the London equation. The approximation is similar to the 
“linked cluster expansion"’ of Brueckner; its validity depends 
upon the “quenching” effect of the exclusion principle. Addi- 
tional conditions for validity are violated for ordinary inter- 
actions between electrons, but may be satisfied for the 
Froehlich interaction. 
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SATURDAY MORNING AT 9:30 
Grand Ballroom 


(I. P. WIGNER presiding) 


Symposium on Nuclear Alignment 


VAI. Nuclear Orientation and Nuclear Cooling. N. Kuri, Oxford University. (30 min ) 


VA2. Attempts to Align Nuclei in Doped Silicon Crystals. F. M. 


(30 min.) 


VA3. Nuclear Orientation Experiments at the National Bureau of Standards. | 


Bureau of Standards. (30 min.) 


VA4. Angular Distribution of Alpha Particles Emitted by Aligned U-233 Nuclei. L.. I) 


Oak Ridge National Laboratory. (30 min.) 





SATURDAY 


AFTERNOON AT 


Pirkin, Harvard University 
Amaier,” National 


ROBERTS, 


2:00 


Grand Ballroom 


(L. D. Roperts presiding) 


Invited Papers on Nuclear Spins and Moments 


WI. Advances in the Measurements of the Spins of Radioactive Isotopes. \V 


University of California, Berkeley. (30 min.) 


A. NIBRENBERG, 


W2. Paramagnetic Resonant Experiments with Radioactive Nuclei. C. 1). Jervrivs, University of 


California, Berkeley. (30 min.) 


W3. Spectroscopy of Ionized Helium 3 in a Metastable State. R. Novick, Columbia University 


(30 min.) 


W4. Paramagnetic Resonance in the Astinide Group. B. BLranny, Oxford University. (30 min.) 





SATURDAY AFTERNOON AT 


2:00 


Terrace Room 


(W. H. BRaATTAIN presiding) 


Semiconductors, II 


WAI. Relaxation Time Anisotropy in n Germanium. Cor 
MAN GOLDBERG, Westinghouse Research Laboratories The 
anisotropy parameter! w= 7rym,*/ramy,* for mn germanium can 
be obtained by calculating magnetoconductance from Hall 
coefficient and magnetoresistance measurements.? This param 
eter can, however, be obtained more accurately by direct 


measurement of magnetoconductance. Magnetoconductance 
can be measured directly if a sample geometry is used which 
maintains the electric field in a fixed direction independent of 
field 
sample geometry which maintains the electric current in a 
fixed direction.) 
directly in samples of m germanium of varying purity from 
45°K to 300°K. For the purest samples w is approximately 
constant above about 120°K and has the value of about 0.051 
If the temperature is lowered below 120°K or if samples of 
lower purity are used, w increases. Cyclotron resonance meas- 
urements’ give m,*/m,* =0.05184-0.0019 so these magneto- 
1.0 for 


isotrople on an 


the magnetic (Magnetoresistance measurements use a 


Magnetoconductance has been measured 


conductance measurements indicate that) tu/ras 
lattice scattering, i.e., the relaxation time is 
energy surface, and the presence of impurity scattering causes 


the relaxation time to be anisotropic with ru/rs>1 


1C, Herring and E. Vogt, Phys. Rev. 101, 958 (1956 
?C, Goldberg and R. FE. Davis, Phys. Rev. 102, 1254 (1956) 
§ Dresselhaus, Kip, and Kittel, Phys. Rev. 98, 368 (1955 


WA2. Defect Dependent Lifetimes in Junction Devices. 
B. Ross anp J. R. MapiGan, Hoffman Electronics 
Minority carrier lifetime was measured in diffused junction 


Cor poration, 


diodes by the storage time method! as a function of base layer 
resistivity and as a function of temperature. The results for 
both p- and n-type base regions may be interpreted in terms of 
recombination levels within the forbidden gap.2 Curves of 
T have the same slope for both annealed and 
quenched samples, indicating that quenching changes the cone 
a he 
were 0.51 ev from the valence band in 
p-type and 0.21 ev from the conduction band in n-type ma- 


log rvs 1 


centration but not the type of recombination centers 
activation energies 
terial. .\ plot of log 7 us reciprocal quench temperature yields 
information on the energy required to anneal out recombina- 
tion centers (e.g., 0.66 ev for n-type). 


1M. B. Prince, Bell Sy 
IW. Shockley and W. T 


tem Tech. J. 35, 661 (1956 
Read, Phys. Rev, 87, 845 


1982 

WA3. Semiconductor Surface Potential and Surface States 
from Field-Induced Changes in Surface Recombination. 
Georce C. Dousmantis, RCA Laboratories 
reported on the effects of ac electric fields and ambients on the 


experiments are 


surface recombination velocity (s) in silicon and germanium 
Changes in s are detected by the variations in the reverse 


saturation current of large area (0.3 em*) diodes. The experi- 
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mental technique is an improved version of that of Thomas 
and Rediker.' Fields up to 10% v/cm in the frequency range of 
10 to 500 sec™ are used. Both the forward and reverse cur- 
rents are affected by field and ambient. Phase shift loops, 
similar to those of field-effect experiments* appear at higher 
frequencies. Observation of a maximum of s provides a refer- 
ence point from which information is obtained on the zero- 
field value of the surface potential (@,) and on the dependence 
of s on @.. Large excursions of », are obtained over the Bar- 
deen-Brattain cycle of ambients. The results on s vs ¢, will 
be discussed in terms of the energy levels, distribution and 
cross sections of the fast surface states. 


fi EK. Thomas, Jr., and R. H. Rediker, Phys, Rev. 101, 984 (1956) 
1H. C., Montgomery and W. L.. Brown, Phys. Rev. 103, 865 (1956) 


WA4. Large Signal Surface Photovoltage Studies in Semi- 
conductors. . O. Jounson, RCA Laboratories (introduced by 
G. C. Dousmanis).-Measurements of the surface photo- 
voltage at low carrier injection levels have been reported.'? 
In the present experiment, the surface photovoltage as a func- 
tion of carrier injection over a wide range of carrier densities is 
reported, Use of ac methods eliminates the need for a vibrating 
reference electrode and also difficulties with specimen heating 
and changes in the reference electrode potential. The minority 
carrier injection level is measured from conductivity changes 
in the specimen, The observed changes in surface potential 
with light are plotted as a function of carrier injection level, 
and the resulting curves compared with those computed from 
Poisson's equation applied to the surface space charge region. 
The agreement between theory and experiment is good for 
both accumulation and inversion layers induced on p- and 
n-type germanium of different resistivities by various am- 
bients. The effect of fast surface states is discussed. 

1W.H, Brattain and J. Bardeen, Bell System Tech. J, 32, 1 (1953) 


7W. HH. Brattain and C. G, B. Garrett, Bell System Tech, J, 35, 1019 
(1956). 


WAS. Electrical and Optical Properties of Some M,’~“- 
N,Y'-" Semiconductors. J. Biack, C. W. Srencer, E. M. 
CONWELL, AND L, SeiGie.—A number of compounds of V-B 
and VI-B elements with the chemical formula A1,4~4N,V!-4 
have been synthesized as single crystals of 10'*-10'%/cm!4 
carrier concentration. Resistivity, thermoelectric power, 
infrared transmission, and in some cases, Hall effect has been 
measured to characterize! the following compounds as semi- 


conductors: SbeSy (AE = 1.68 ev, p =10* ohm-em, QO = +1000 
wv/°C); BieSs (AE 1.3 ev, pw,e=200 cm*/v-sec, p=107 
ohm-em, Q 750 pv/°C); SboSes (AE 1.18 ev, uw, =15, 
wr@45 cm*/v-sec, p=10% ohm-cm, QO +1200 pv/°C); 


Bi.Ses (AE = 0.35 ev, u, = 600 cm*/v-sec, p= 510 ohm-cm, 
Q=—100 pv/°C); AseTes (AE 1.1 ev); SbeTes (AE =0.34 
ev, w,@270 cm*/v-sec, p= 210 ohm-cm); BirTes (AE 
=0.15 ev, wu, = 800, uw, =400 cm*/v-sec, p = 1.6% 104 ohm-cm, 
QO = +180 pv/°C). As in the case of group IV semiconductors 
and III-V semiconducting compounds, energy gaps decrease 
and mobilities increase with increasing atomic number. 


1 All the values quoted are at 300°K. 


WAG6. Acceptor States in Silicon. H. J. Hrostowsk! AND 
AND R. H. Katser, Bell Telephone Laboratories.—-Recent ex 
periments! indicate that the observed line spectra of bound 
holes in silicon are not consistent with the energy level diagram 
calculated by Kohn.* To permit a more rigorous test of exist- 
ing theory p-type silicon samples have been investigated under 
higher resolution over a wider spectral region. In boron doped 
silicon a strong new absorption has been observed at lower 
energy (approximately 0.030 ev). Transitions to higher excited 
states have been observed in both aluminum and gallium 
doped crystals, and previously unresolved bands! at about 





0.065 ev have been resolved. These results provide a more com- 
plete picture of the spectra of bound holes with more accurate 
location of the observed transitions. All previous data have 
been obtained from pulled crystals, now known to contain 
large concentrations of oxygen.’ Possible effects of this im- 
purity have been investigated by observations on appropriately 
doped oxygen free crystals prepared by floating zone tech- 
niques. 

'R. Newman, Phys. Rev. 103, 103 (1956); Burstein, Picus, and Sklar, 
Proceedings of the conference on photoconductivity, Atlantic City, November 
4-6, 1954 (John Wiley and Sons, Inc., New York, 1955 


2W. Kohn (to be published) 


* Kaiser, Keck, and Lange, Phys. Rev. 101, 1264 (1956 


WA7. Angular Dependence of Scattered Infrared in Sili- 
con.* P. P. Desye AND S. LEDERHANDLER, Raytheon Manu- 
facturing Company 
silicon always show a band at 9.1 in crystals pulled from a 
quartz crucible. W. Kaiser! and H. Hrostowski* conclude from 
their experiments that the band is due to the Si—O bond 
stretching vibration. One of the authors’ has shown that the 
magnitude of the 9.1-4 band is dependent on heat treatment 


Infrared absorption measurements on 


and can be cycled by proper choice of time and temperature. 
Samples which originally show a sharp band of high absorp- 
tion can be treated to give a broad band of low absorption 
Oxygen does not to any extent diffuse out of the silicon since 
the 9.1-u band can be cycled. Changes in the absorption band 
characteristics can be explained by a change in particle sizes. 
In fact, infrared scattering has been also observed by Kaiser.* 
We have measured the angular distribution of the scattered 
infrared radiation in order to information on the 
particle size. Our measurements indicate that particle sizes 
are in the order of the wavelength of the light and that they 
are dependent on heat treatment as is the absorption of the 
9.1-u band. Detailed information will be presented correlating 
the particle size and the amplitude of the 9.1-4 absorption 
band. 


obtain 


* Supported in part by the Bureau of Ships, Signal Corps, Air Force 

1 Kaiser, Keck, and Lange, Phys. Re 101, 1264 (1956 

1H. Hrostowski and R. H. Kaiser, Bull. Am. Phys. Soc. Ser. II, 1, 295 
(1956) 

8S. Lederhandler, Bull. Am. Phys. Soc. Ser. II, 1, 381 (1956) 

*W. Kaiser and P. H. Keck, Bull. Am. Phys x, Ser. IT, 1, 321 (1956). 


WAS. Infrared Lattice Vibration Studies of Polar Character 
in Compound Semiconductors. G. S. Picus, E. BURSTEIN, AND 
B. W. Henvis, U. S. Naval Research Laboratory.—The far 
infrared reflection spectra of several III-V compounds have 
been measured and typical reststrahl reflection peaks charac- 
teristic of the optical lattice vibration modes have been found 
at the following wavelengths :"InP,’ 32 uw; InAs,"41 wu; GaAs 
36 w; GaSb, 40.5 w; AlSb, 31 w. The static dielectric constants 
of these materials were calculated from simple dispersion 
theory using known values of the optical dielectric constants 
and the observed widths of the From this 
information together with the transverse vibration frequencies 
estimated from the data an effective ionic charge was calcu- 
lated using the expression due to Szigeti.' The values found 
are: InP, 0.58; InAs, 0.34; GaAs, 0.50; GaSb, 0.18; AISb, 
0.41. These effective charges represent contributions both 
from static charge (responsible for ionic binding) and deforma- 
tion charges arising from neighboring ion interactions when 
the ions are displaced from their equilibrium positions 


reflection peaks 


1B. Szigeti, Trans. Faraday Soc. 45, 155 (1949) 


WAS. Infrared Optical Constants of Gallium Arsenide.* 
ARNOLD PERLMUTTER, L/niversity of Miami.—The transmis- 
sion and reflectivity of a sample of n-type GaAs have been 
measured in the region from 0.86 to 25 uw. The free carrier 
absorption is found to be proportional to the square of the 


wavelength, beginning at about 7 yw, in agreement with the 








Drude-Kronig theory. ‘The effective mass of the conducting 
electrons, which is determined from these data and the carrier 
concentration (6.9 10" cm™ at room temperature), is found 
to be 0.075 or about double the value reported from thermo- 
electric measurements.' Measurements of the reflectivity as a 
function of the wavelength will also be described. The optical 
energy gap was found to be about 1.35 ev, a value which is 
about equal to that found previously? A long tail at the ab 
sorption edge masks the possible effect of indirect transitions. 

* This work was supported in part by Chicago Midway Laboratories and 
the U. S. Air Force 


1 Barrie, Cunnell, Edmond, and Ross, Physica 20, 1087 (1954 
2F. Oswald and R. Schade, Z. Naturforsch. 9A, 611 (1954) 


WAIO. Field Effect Studies on PbS Films. Jay Zemet, 
U. S. Naval Ordnance Laboratory.—The de field effect on 
chemically deposited PbS films has been used as a method for 
investigating the effect of ambient gas and temperature on the 
slow surface states. As in the case of germanium, the presence 
of water vapor significantly alters the time constant of the 
slow states. In both dry oxygen and nitrogen the time con- 
stants are effectively infinite. As water vapor is introduced the 
time constant decreases to times of the order of minute \s 
previously reported,' the time constants depend on the magni 
tude of the applied field 
time constants in the room temperature range will be discussed 


The temperature dependence of the 
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AFTERNOON AT 
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as well as the correlation of both ac and de field effects with 


the photoconductive behavior of the films 
1J. N. Zemel, comment on paper of S. R. Morrison in Semiconductor 


Surface Physi edited by R. H. Kingston [University of Pennsylvania 
Press, Philadelphia (to be published) } 


WAII. Temperature Effects and Frequency Response in 
PbS Photoconductive Cells. M. L. Hecur, M. Grossman, 
and R. H. Tourtn, The Warner & Swasey Research Corpora- 
tion. It is known that photoconductivity in PbS 
strongly with temperature, and that the temperature eflect is 
less when the incident light is chopped at high frequencies. A 
theoretical equation for the relative resistance change AZ/Z 
caused by chopped light has been derived, assuming (1) N-type 
material, (2) negligible space charge, (3) recombination time 
for photoconductive centers much greater than duration of 


Varies 


electron-trapping elfects, and (4) photoconductivity is due to 
changes in the number of charge carriers, with electron mo- 
bility relatively constant. The analysis yields a “time con- 
stant’ of AZ/Z which may depend on chopping frequency. 
4Z/Z may decrease monotonically with 7, 
maximum. Conditions on the location of the maximum will be 


or go through a 


described. A secondary photovoltaic effect may occur, which 


superlinear and produces a 
‘second time constant.’ Measurements of the temperature 
variation of AZ/Z will be presented and compared to the 


theoretical equation 


causes sublinear or response 


2:00 


Mosaic Room 


(ID. J. Rose presiding) 


Invited Paper 


X1. The Structure of Spectrum Lines Emitted from a Plasma. H. 


(30 min.) 


MARGENAU, Vale University 


Electron Physics 


X2. Disappearance of Spectral Lines with High Quantum 
Numbers in a Plasma. H. MARGENAU AND |). Kewty,* Yale 
University.—In a plasma of sufficient electron concentration, 
lines with high quantum numbers disappear for 2 dilferent 
reasons: (1) The broadening of the levels causes them to 
merge (Inglis-Teller) and (2) the continuum limit is effec 
tively lowered because the electron moves in a screened 
(Debye-Hiickel) potential rather field 
(Unséld, Ecker, and Weizel). A comparison is here made of 
the results of different 
When the two effects, the merging and the drowning, are 
studied at different temperatures and electron concentrations, 
the former determines the greatest permitted quantum number 
at high temperatures and low densities, but at concentrations 
of 10'* electrons/c« 1000°K the levels begin to be 
drowned rather than merged. 


than a Coulomb 


models for the second mechanisms 


and at 


* Supported by the Office of Naval Research 

X3. Class of Exact Solutions of the Vlasov Equations. |. G. 
Harris, U.S. Naval Research Laboratory.-In the approxima- 
tion made in the Vlasov' equations the interaction of the elec- 
trons and ions of a plasma is taken into account only through 
the average electric and magnetic fields. These fields are made 
consistant with the charge and current densities in the plasma 
By consideration of the equations of motion of the individual 
electrons and ions it is possible to find a class of exact solutions 
of the time-independent Vlasov equations. Solutions have been 


found which describe a plasma confined by a magnetic field 
The method of solution is also applicable to the study of 


plasma oscillations of finite amplitude 


\. Viaso J. Ph USS.K.) 9, 25, 140 (1945 

X4. Simulation of Galactic Evolution in the Laboratory. 
Winston H. Bostick,* Stevens Institute of Technology 
Several plasma guns fired simultaneously radially inward 


across a magnetic field produce luminous plasma configura- 
tions with spiral arms. Spiral galaxies type Sb and Sc, and 


barred spirals (SBb) observed by astronomers can thus be 
trikingly simulated in the laboratory. The laboratory 
observed process suggests that galactic evolution involves the 
gravitational contraction! of ionized hydrogen across a mag- 
field. The sealing of the process from laboratory to 


cosmos Will be discussed 


neti 


* The experimental work was carried out at the Universit 
Radiation Laboratory and was sponsored by the t \tomik 
Commissior 


iW. H. Bostick, Phys, Re 100, 1007 (1955) 


of California 
hnergy 


X5. Electron Affinity of Lithium.* M. Mrriay anp R. H 
Penrie.p, Harpur College \ variational 
carried out for the four electron system, using a Hylleraas 


calculation is 


type wave function and taking into account the polarization 
effect of the Is electrons but not the 2s The electron 
affinity of the lithium atom comes out to be 0.92 40.01. This 
is 0.22 ev greater than that obtained by Moiseiwitsch,’ who 


electron 
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considers only polarization effects for the 2s electrons but not 
for the 1s electrons. It is well known that? polarization effects 
of the 1s electrons predominate over those of the 2s electrons, 
and it is interesting to see that the electron affinity is lowered 
when this is done. The coefficients of the wave function used 
have also been computed and will be reported. 

° sugocwsed by the National Science Foundation 


' L.. Moiseiwitech, Proce. Phys. Soc. (London) A67, 25 (1954). 
* See, for instance, Kun Huang, Phys. Rev, 70, 197 (1954), 


X6. Decay and Recovery of the Pulsed Emission of Thoria 
and Alkaline Earth Oxide Cathodes. (>. Mrsnarp, G. DE&- 
JARDIN, AND KR. Uzan, Université de Lyon.-We have compara- 
tively studied the behavior in pulse operation of thoria and 
alkaline earth oxide cathodes. In both cases, but perhaps more 
accurately for thoria cathodes, the decay curves are well repre- 
sented by the formula: 1/1=1/1.—(1/t4—1/to) exp(—at), 
which can be established on the basis of the mobile donor 
hypothesis. The analysis gives a=2n?D/d?, where D is the 
diffusion constant of the ionized donors and d the thickness 
of the oxide layer. According to the theory, the durations of 
the decay and of the recovery should be of the same order of 
magnitude, as found for thoria cathodes only. The recovery of 
the usual oxide cathodes, which is much slower than the decay, 
could possibly be explained by assuming a predominant effect 
of residual gases at very low pressures, in conformity with the 
observations of Plumlee on the presence and evolution of gases 
in the vicinity of a barium oxide cathode. 


X7. Effect of Space Charge upon the Negative Townsend 
Characteristic. A. L. Warp, Diamond Ordnance Fuze Labora- 
Von Engel and Steenbeck! have poinied out the role 
of space charge in the distortion of an electric field in a gas 
between parallel plates. They used an approximate method to 
show that the change of voltage caused by the field distortion 
is proportional to the square of the current density. We have 
used the more exact method of Crowe, Bragg, and ‘Thomas? 
to calculate the effect of space charge formation on the static 
characteristics of the rare gases. Numerical computations were 
performed by the National Bureau of Standards Computation 
Laboratory on SEAC. Our results show that the relation of 
voltage and current density determined by Von Engel and 
Steenbeck is obeyed over a considerable range of current 
density. Variation of static characteristics with various gas 
parameters and gap widths will be shown. Favorable com- 
parisons of the computed characteristics with experimental 
data taken in this laboratory have been made in a limited 
number of cases. 


tories. 


1A. Von Engel and M, Steenbeck, Elehkirische Gasentladungen (Verlag 
Julius Springer, Berlin, 1944), Vol. 11, pp. 48-57. 
tCrowe, Bragg, and Thomas, Phys. Rev. 96, 10 (1954), 


X8. Reflection of Very Slow Electrons from Surfaces of Pt 
and Ge.* H. A. Fowirer ano H. FE. FaARNSwortu, Brown 
University. A nearly monoenergetic beam from a_ single- 
focusing electrostatic analyzer is used to measure retlection 
coefficients of polyerystalline platinum and single-crystal 
germanium [ (100) face}. Primary energies as low as 0.1 to 
0.2 ev are obtained. Geometrical AV/ V of the analyzer is 3°); 
the beam is transmitted at 4.8 ev; 70 to 80% of the output 
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current is observed in the expected range AV. The output 
beam is refocused and decelerated before entering the target 
region. Cpd between target and collector is measured and 
compensated by the Kelvin method 
heating and argon-ion bombardment. lon-bombarded surfaces 
show R& approaching zero smoothly near zero primary energy. 


2.5 ev, and a large 


largets are cleaned by 


Gutgassed platinum shows a maximum at 
rise in apparent R near zero, attributable to the pat h effect 
of crystal grains. The importance of a uniform target work 
function is indicated. Germanium, after HF etch, shows a 
high R (0.40 —0.60) between 5 and 2 ev, which drops rapidly 
at lower energies. Preliminary results after cleaning show a 
low R (<0.15) at 5 ev, which decreases smoothly with de 
creasing energy. 

York 


* Assisted by the Research Corporation of New 


X9. Angular Distribution of Characteristic Energy Losses.* 
J. Ako. Stimpson, M. D. WAGNER, AND L. Marton, National 
Bureau of Standards.-The distribution in energy and angle 
of 20-kev electrons 


scattered by metal foils has been remeas- 
ured using a new apparatus! based on electrostatic deceleration 
and magnetic dispersion. The energy resolution is limited by 
the half-width of the beam to ~1 ev. The angular 
~104 These values are an 
magnitude better than those previously reported.? In alu- 
minum the 7, 14, 21, and 28-ev characteristic losses are fully 
followed 


initial 


resolution is radians order of 


resolved and can be out 
value with angle reported by Watanabe? is 


However, the distribution of intensity is not what 


in angle. The change in 
characteristic los 
confirmed 
would be expected. The conclusion 


will be discussed 


uggested by these results 


* Supported in part by the Office of Naval Research and the U, S. Atomic 


linergy Commission 
1 Being developed with the support of the Office of Ba Instrumentation 
2Simpson, McCraw, and Marton, PI Ke 104, 64 (1956 
7H. Watanabe, J. Phys. Soc. Japan 11, 112 (1956 


X10. Inelastic Scattering of Electrons in Metal Vapors.* 
Lewis B. Leper AnD L. Marron, National Bureau of Stand- 
ards.-—An electrostatic analyzer previously used for measuring 
energy losses of electrons in thin films of metals! was modified 


for the measurement of energy losses of 20-kev electrons in 
metal Vapors These measurements are similar to the critical 
potential measurements made elsewhere at much lower 


energies. The electron beam was 


tubular oven and passed through two 10 mil hole 


directed perpendicular to a 


in the oven 


wall, encountering the metal vapor in the haif-inch path. The 
oven was heaied by passing current directly through it, the 
return path being a concentric copper tube. Preliminary 
measurements have been made for K, Zn, Cd, Hg, and Te 


vapors Energy losses corre sponding to known excitations of 


the valence electrons were found. In addition we have found 
several energy losses greater than the ionization potentials of 
the respective metals which do not appear to be correlated 
with transitions in the ionized atoms. The energy loss values 
and their possible relationship to the characteristic energy 
losses of electrons in solids! will be discussed 

* This J 
Mission 

1 Marton, Leder 
Phys. VII (1955 


work was in part supported by the U. S. Atomic Energy Com 


and Mendlowitz, Advan 
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Nuclear Reactions and Nuclear-Energy Levels, IV 


XAI. (n,p) Reactions for Several Middle-Weight Ele- 
ments.* V. V. Verpinskt, I. HuRLIMANN, W. E. STEPHENS, 
AND E. J. Winnoip, University of Pennsylvania.—-Protons 


Mg, Ni, Cu, and Rh bombarded 


been detec ted 


emitted from thin foils of 
with 14-Mev 


obtaining information on the interaction of the incident neu- 


neutrons have with a view to 
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tron with the target nucleus. Proton energy and angular dis- 
tributions and emission cross sections have been measured for 
protons of energies greater than 4 Mev. (D,T) neutrons from 
our electrostatic generator were collimated by three feet of 
iron and struck a target foil viewed by thin CsI scintillation 
counters placed at 30°, 45°, 60°, 90°, 120°, 135°, and 150° to 
the neutron beam. The background in these counters was 
reduced considerably by counting only pulses in coincidence 
with those alpha particles from the neutron source which were 
associated with the neutron beam. For each target investi- 
gated, there appears to be more protons emitted at forward 
angles than backward. For example, the number of protons 
from nickel detected at 45° is about 1.8 times the numbers at 
backward angles. The largest forward asymmetry found was 
for the high-energy protons from magnesium. These observa- 
tions indicate that a relatively direct interaction between 
incident neutron and emitted proton may often occur. 


* Supported by the joint program of the Office of Naval Research and 
the U.S. Atomic Energy Commission. 


XA2. Radiative Proton Capture Q Values in the Region, 
60 < A<66. C. R. Gossert, U.S. Naval Research Laboratory. 
As part of a program of determining mass differences in the 
intermediate mass region, the ground state Q values of several 
(p,y) reactions with nuclei of mass numbers between sixty and 
sixty-six have been measured by crystal spectrometer tech- 
niques. Bombarding protons were supplied by the NRL 2-Mev 
Van de Graaff accelerator, and the capture gamma rays de- 
tected with a 3- by 3-in. Nal (Tl) crystal. Conventional elec- 
tronics, including a twenty-channel pulse-height analyzer, 
were used in the measurements. Well-known light-element 
(p,y) reactions provided energy calibration, the energies of 
these gamma rays being known from high-precision, magnetic 
charged-particle spectroscopy. To minimize gain shifts in the 
detection system, calibrations were made frequently, and the 
intensities of the gamma rays from the reaction and the cali- 
brating reaction were adjusted to be approximately equal. 
Targets, 10 to 20 kev thick, were prepared by electrodeposition 
onto gold blanks. Preliminary ground state Q values have been 
obtained for the following target nuclei (in units of Mev): 
Ni®, 4.82; Ni™, 5.79; Cu®™, 7.69; and Cu®, 8.85. The probable 
errors of these measurements are believed to lie within the 
range of 30 to 50 kev. 


XA3. Coulomb Excitation of Enriched Kr Samples. (. | 
PIEPER AND N. P. HeypensurG, DIM, Carnegie Institution 
of Washington, anp C. E. ANvrerson, Yale University 
Normal Kr and two different samples of Kr, enriched in Kr’®, 
Kr®, and Kr® were Coulomb excited by 6.1- and 6.6-Mey 
alpha particles. The following first excited state transitions 
(O* —2*) were observed: Kr7*, 450 kev; Kr™, 620 kev; Kr®, 
780 kev; and Kr®™, 880 kev. We! had previously assigned the 
450-kev gamma ray to Kr®; the observed gamma ray at this 
energy in normal Kris consistent with the assignment to Kr’4 
and no gamma rays were observed which could be attributed 
to Kr®. 
targets, we have only relative intensity measurements of the 
gamma rays and hence give the following relative B(/2) 
values: Kr78, 0.83; Kr™, 0.29; Kr®, 0.088; and Kr®™, 0.056 
where the value for Kr® was arbitrarily taken to agree with 
that observed for Se® (Se® and Kr®™ have same N and AB). 


Due to difficulties associated with the use of gas 


iN. P. Heydenburg and G. M. Temmer, Bull. Am. Phys. Soc. Ser. II, 


1, 164 (1956). 


XA4. Coulomb Excitation of 2* States in Even-Even Iso- 
topes of Tin and Zirconium. I’. H. Stetson anp F. K. Mc 
GOWAN, Oak Ridge National Laboratory. Coulomb excitation 
of 2* states in the even-even isotopes of tin and zirconium ha 
been observed by bombarding targets of the normal elements 
with 9.0- and 10.0-Mev doubly ionized a particles accelerated 
by the ORNL 5.5-Mv electrostatic generator. The known 2° 


states for several of the tin isotopes are Sn', Sn! Sn'™, 
and Sn at 1.30-, 1.27-, 1.18-, and 1.15-Mev, respectively. A 
composite y-ray peak with an average energy of 1.20 Mev is 
observed when tin is bombarded. The variation in y-ray yield 
with e-particle energy is consistent with that expected for 
Coulomb excitation. The angular distribution of the y» rays 
exhibits the strong anisotropy characteristic of Coulomb exci- 
tation of 2* states. A single y ray with an energy of 0.92 Mev 
is observed when zirconium is bombarded. The 2* states in 
Zr” and Zr“ are known to be at 0.92 Mev from other work 
The average B(E2),, (reduced transition probability for elec- 
tric quadrupole excitation) for the 2* tin states is (2,140.4) 
x10" em* and that for the 2* Zr” and Zr is 
(0.80 40.12) K10 “ cm‘, These transition rates are larger than 
those given by the independent particle estimates by a factor 
of 12 fer the tin isotopes and by a factor of 6 for Zr” and Zr™, 


states of 


XAS5. Gamma Ray Precision Spectroscopy.” A. F. CLARK, 
J. W. M. DuMonpn,t F. Gorpon, anp Hans Mark, University 
of California, Livermore.—The 3.7-Mev beam from 
the A-48! has been used to study gamma rays following electric 
excitation of wolfram (tungsten). 5 ma gave a source strength 
of about 100 mC. A quartz crystal bent to a 2-m radius, similar 
to DuMond’s instrument? focused the gamma rays on a glass 
plate, which had on it a 600-4 nuclear emulsion. Gamma-ray 
lines at 100.1, 111.1, and 122.4 kev are from the first excited 
states of W'™, W!™) and W'®, respectively,’ and lines at 46.5 
and 52.6 kev come from the first and second levels in W'™ 
X-ray and known gamma-ray lines‘ are used for calibration, 
Preliminary measurements are accurate to 0.30), 


proton 


* Work supported by the U.S. Atomic Energy Commission 

1 California Institute of Technology 

tk. O. Lawrence, Science 122 No, 4180, 1127 (1955). 

77. W. M. DuMond, Rev. Sci. Instr. 18, 626 (1947) 
*MeClelland, Mark, and Goodman, Phys, Rev, 93, 904 (1954) 
4 Boehm, Marmier, and DuMond, Phys. Rev. 95, 864 (1954 


XA6. Angular Distributions of Gamma Rays following Elec- 
tric Excitation of Some Low-Lying Rotational States.* Kk. I’. 
SCHARENBERG AND G, GoLpRInG, M. 7. T.--An investigation 
was carried out of the angular distribution of gamma rays 
from the 2* states of Sm! and natural W following electric 
excitation by protons of 2.1 Mev. Angular distributions from 
metal targets were found to be perturbed as expected ; how- 
ever, the distributions were not reduced to the “hard core.” 
The attenuation coefficient Ge was found to be 0.65 40.06 in 
Sm metal and 0.8040.08 in W metal. A liquid Sm target was 
prepared by dissolving 40 mg of Sm!@(NO 4), in 0.07 ce of 
water. For this target, the attenuation coefficient was found 
to be 0.95 +0 Os 
strahlung from various targets was also investigated in the 


The angular distribution of proton brems 


Phe most accurate measurement to date 
was made with Pb. The Bermsstrahlung from Ub of 145 kev 
was found to have the distribution 14 Ag/’s(cos#) with 
A; 0.25 40.03; whereas from the calculations of Alder and 
0.21 


course of this work 


Winther,' one obtains Ag 
* This work wa ipported in part by the joint program of the Office of 
Naval Kesearch and the U.S. Atomic knergy Committee 
1K. Alder and A. Winther, CE RKN/T/KA-AW.-4 (October, 1955 


XA7. Anomalous Inelastic Scattering of 23-Mev Protons by 
Heavy Elements. Brenarp L. Conen, Oak Kidge National 
Laboratory. -Measurements of energy distributions from in 
elastic scattering of 23-Mev protons by various heavy elements 
indicate the presence of very strong, apparently monoenergetic 
s sections, and angular distributions 
lowly and regularly with atomic 
spectrum from 

10 and 52 
2.4, and 3.0 
There 


Kroups ‘I he cnergies, cro 
of these proton groups vary 
number. For example, the proton energy 

0 =0.8 to 3.6 Mev for all clements between Z 
can be accounted for by groups with U~1.2, 
Mev with cross sections 3, 11, and 7 mb, respectively 
is little or no difference between even and odd elements, or 


across the closed shells at V = 50 and Z = 50. The spectra from 
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lead and bismuth are practically identical to ~—Q=7 Mev, 
consisting, apparently, of six monoenergetic groups. The well- 
known —Q=2.6 Mev level in lead is strongly excited, and 
there is a group from bismuth with the same energy, cross 
section, and angular distribution. The regularities between odd 
and even elements and across closed shells complicates ex- 
planations of the levels by single particle or collective models. 
For —Q up to 8-10 Mev, the energy distributions show very 
marked deviations from smoothness; this may indicate that 
relatively few levels of the final nucleus participate in the 
reaction. 


XA8. (Abstract withdrawn.) 


XA9%. Dependence of the Average Charge of an Ion on the 
Density of the Surrounding Medium. Jacon NeureLp, Oak 
Ridge National Laboratory, anb W. S. Snyper, Oak Ridge 
National Laboratory and the University of Tennessee..-Recent 
experiments by Lassen revealed the existence of a ‘density 
effect’ expressing the dependence of an average charge of an 
incident fission fragment on the density of the surrounding 
medium, It was suggested that the effect may be due to a 
polarizing field which causes spontaneous emission of electrons 
carried by the fission fragments and this tends to increase their 
average charge. In order to account for this effect various 
electronic orbits of a moving fission fragment have been 
separately considered and the corresponding polarizing fields 
that are sufficiently strong to produce autoionization have 
been determined, A relationship has been established between 
various values of the polarizing field and the corresponding 
average charge of an incident fission fragment. The orbital 
electrons in a moving fission fragment are continually main 
tained in an excited state because of the recurrent collisions 
of the atoms in the surrounding medium and, therefore, in 
establishing the above relationship various excitation states 
of the moving fission fragment have been considered. 


XA10. Fission Cross Section of U?**.* L. G. Mitier, R. G. 
Fiunarty, R. M. BruGGer, ann M. S. Moore, Phillips 
Petroleum Company.—-The Materials Testing Reactor fast 
chopper and a multiplate fission chamber have been used to 
measure the fission cross section of U™ in the neutron energy 
range 1.0 to 1000 ev. Individual resonances are well resolved 
below 15 ev. Levels are observed at the following energies: 
1.78 ev, 2.3 ev, 3.6 ev, 4.45 ev, 4.73 ev, (5.0 ev), 5.9 ev, 6.85 ev, 
(7.6 ev), 8.63 ev, 9.3 ev, 10.45 ev, 11.44 ev, (12.1 ev), 12.78 ev, 
and 13.6 ev. Levels in parentheses have not previously been 
reported. An area analysis is being made on the data. Pre- 
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liminary results give an average level spacing of 0.75 ev and 
an average fission width of 'y=0.165 ev. The multilevel dis- 
persion fit to the data below 4 ev! is being extended to the 
higher levels. Parameters for the individual levels will be 
presented. 


*Work performed under the auspices of the I tomic bnergy 
Commission 
! Moore, Miller, and Reich, Bull. Am, Phys. So« er. II, 1, 327 (1956 


XAI11. ~ Rays from Fission of U*** Induced by Thermal 
Neutrons.* CC. C. Trait anp C. M. Huppiesron, Argonne 
National Laboratory.—The angular correlation 
ray 


and a 


between fission 


has been studied using a gas 
Nal crystal in coincidence The 
subtended a 2x” ind the y-ray 
re ult indi 


fragments and fission + 
scintillation counter 
solid angle 


fission counter 


counter subtended a 1% solid angle. Preliminary 


cate that the 7 rays are emitted preferentially in the same 

hemisphere as the lighter fission fragment. Moreover, this 

correlation appears to increase as y-ray energy increases 
*Work performed under the auspice f the [ \tomic Energ 


Commission 


XA12. Fission and Capture Cross Section of U*** for Slow 
Neutrons.* IF’. J. Suore AND V. L. Sartor, Brookhaven National 
Laboratory. The 
ured! with the Brookhaven National Laboratory crystal spec- 
from 0.1 to 10 ¢ 


vod accuracy by 


fission cross section of U** has been meas 


trometer over the energy range The capture 


cross section is obtained with ubtracting 


the sum of the scattering’? and fission cross sections from the 
total cross section which has been measured* previously on the 
olution. It 


235 


same instrument under identical conditions of re 
has been reported’® previously that resonances in the | 
total cross section do not have a shape consistent with the 
Breit-Wigner single-level that a 
many-level formula will be required to give a reasonable fit 
to the data. that the 


lies in the fission component of a given resonance ; whereas the 


formula; Le., it 


appears 


The new fission data show asymmetry 
capture component is quite symmetrical and can be fit with 
a single level formula. The data yield more precise values of 
gl’,, ', Ty, and l', for many of the resonances below 10 ev 


* Work performed with the U. S. Atomic 


Mmilisson, 


inder contract Energy Com 


1 The fission chamber used in the measurements was kindly loaned to us 
by W. W. Havens, Jr., of Columbia University 

7H. L, Foote (unpublished 

1V. L. Sailor, Peaceful Uses of Atomic Energy, Proceedin f the Inter 


national Conference in Geneva (Columbia Universit Pres vew York, 


1955), Vol. 4, p. 199. 


XA13. Neutron-Induced Fission of Ra®’.* Ratru Nouies, 


J. H. Manvey,t anp R. B. LeacuMan, Los Alamos Scientific 
Laboratory. —The energy distributions of fragments from 
neutron-induced fission of Ra®™*® have been observed for neu 
tron energies of 4.5, 8.5, and 22 Mev. Neutrons were obtained 
from the large Los Alamos Van de Graaff using the 7T(p,n), 
D(d,n), and T'(d,n) reactions. The observations were made by 
using a xenon-filled gas scintillation counter looking at single 


\dvant ive 


cintillation process 


fragments from a 8-yg/cm* Ra®™* deposit was taken 
of the linearity and high 
to differentiate between the radium alpha particles 
\-6342 


ent directly into a crystal diode 


peed of the gas 
and the 
fission fragments. Pulses from a R¢ with a quater 
phenyl wave shifter were 
discriminator circuit which wa only the fission 


i Model 101 


Preliminary 


biased to Pass 
pulses. These fission pulses were then amplified by 
linear amplifier and analyzed for pulse height 
data indicate the mode of 
4.5-Mev neutrons and predominately symmetric for 22-Mev 

yield has prey | 


ion of Ra®™*,! The energy 


fission is mainly asymmetric for 


neutrons. A more complicated mass ious 
found for 11-Mev proton induced fi 
distribution for 8.5-Mev neutron induced fission similarly 
shows a complicated structure 


y veen 


*Work performed under the auspices of the U. S. Atomic Energy 
Commission 

t Permanent address: University of Washington 

1A. W. Fairhall and R. ¢ Jensen, Uni t {Wa ngton Cyclotron 


Research Report (1956) (unpublished ) 
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SATURDAY AFTERNOON AT 2:00 


Boston-Washington Room 


(H. FESHBACH presiding) 


Theoretical Physics, VI: Low-Energy Scattering 


Y1. Complex Potential Model with Diffuse Boundary and 
Surface Absorption.* W. S. EMMericH anv H. J. Amster, 
Westinghouse Electric Cor poration.—F urther comparison of the 
fast neutron cross sections and angular distribution of elastic 
scattering have been completed at energies ranging from 
2.5 to 14 Mev. Models were computed with the real part 
of the potential consisting of a constant spherical core and 
a diffuse surface, (e? —x)~' times the value in the core, where 
x=(r—R,)/r. RK, is the radius of the core and 1, a diffuseness 
parameter. The imaginary part was taken as A times the 
derivative of the real part with respect to x. The surface 
absorption models have the advantage that A is practically 
independent of mass number, whereas in the volume absorp- 
tion models the corresponding quantity ¢ must be varied. 
Comparison of the angular distribution has not so far resulted 
in a decisive preference for the surface absorption model. 
Average values for the best parameters of the potential have 
been computed from the available experimental data and will 
be presented to show the dependence on neutron energy and 
mass number. 


* Supported in part by the joint program of the Office of Naval Research 
and the U. S. Atomic Energy Commission, 


Y2. Optical Model Analysis of Proton-Nucleus Scattering.* 
P. J. KELLOGG AND A. E. GLASsSGoOLp, University of Minnesota 

Studies of proton-nucleus scattering with the optical model 
have been extended to 17 Mev.' The calculations are being 
carried out on the Univac Scientific Computer.? Angular dis- 
tributions for scattering from C, Al, Cu, Ag, and Au will be 
presented and compared with the data of Dayton and 
Schrank.’ In addition Peele’s data on the scattering by carbon 
of protons of energies between 14 and 20 Mev has been 
analyzed. The optical model parameters obtained at these 
energies will be compared with the previous results at 10 Mev 

* Supported in part by U. S. Atomic Energy Commission 

1 Glassgold, Cheston, Stein, Schuldt, and Erickson, Bull. Am 
Ser. II, 1, 339 (1956) 

2 The authors are indebted to the Sperry-Rand Corporation for the use 
of their St. Paul computing facilities 

#1]. E. Dayton and G. Schrank, Phys. Rev. 101, 1358 (1956). 

* The authors would like to thank Dr, KR. W. Peele for communicating his 
results prior to publication. 


Phys. Soc, 


Y3. Inelastic Scattering by Central Potentials.* RoGrer G 
Newton, Indiana University.-The problem of multiple 
channel reactions occurs in ordinary scattering of a particle 
by a system which may be left in an excited state, and in 
scattering in the course of which the scattered particle may 
change its identity and therefore its mass and kinetic energy. 
Such reactions may be described by a set of coupled Schréd- 
inger equations for the wave functions of the various channels. 
If the “‘potentials’ are local and central, one may apply a 
partial wave analysis. Eigenphase shifts are introduced and 
their properties investigated in the case of two channels. In 
general, the phase shift of one particle, and its derivative, have 
a discontinuity at the threshold for production of the other. 
There may be bound states of particle No. 2 below the 
threshold of their production by No. 1. Small perturbations 
will in general lead to transitions of the bound particle No. 2 
to the unbound No. 1, and hence will destroy the bound state 
by giving it a finite lifetime. This is accompanied by the ap- 
pearance of a resonance in the elastic scattering of particle 
No. 1 at the energy of the perturbed bound state of No. 2 
Other properties and possible applications will be discussed. 


* Supported by the National Science Foundation 


Y4. Noncentral n-p Potentials from Scattering and Bound 
State Data.* IT. Furron, The Johns Hopkins University, anp 
R. G. Newton, Indiana University.--The method of con- 
structing potentials from a given S matrix and bound state 
data! has been applied to the case of the n-p interaction in the 
triplet state. Three parameters are used. They are fixed by 
the values of the etfective range, the deuteron binding energy 
and the D-state admixture in the scaticeing (determined by 
the value of the deuteron quadrupole moment). A suitable 
extrapolation of the S matrix is made to al! energies from the 
A one 


parameter family of central, tensor, and spin-orbit potentials 


above data. The procedure is exact from this point on 


is algebraically determined. The corresponding bound state 
and scattering wave functions are also obtained, The value of 
the D-state probability in the deuteron restricts the possible 
values of the free parameter, which is essentially a measure of 
the spread of the wave functions. Plots of the potentials and 
the wave functions will be exhibited 

* Supported by the National Science Foundation 


1 See Fulton and R. G. Newton, Nuovo cimento X, 3, 677 (1956) and 
references there to previous work, 


YS. Effect of Polarization in n-d Scattering.* |.. Sarrori, 
Brookhaven National Laboratory, AND S. 1, Runinow, Stevens 
Institute of Technology. the caleulational difti- 
culties associated with the neutron-deuteron seattering problem, 


Because of 
previous efforts have always been based on a no-polariza 
tion approximation. In order to examine the possible impor 
tance of polarization in the low-energy scattering, we have 
utilized an improved variational method with a wave function 
which includes a polarization parameter 
sions give the S-wave phase shifts explicitly in terms of an 
inside wave function, which vanishes except when all three 
particles are within the range of interaction. Central Gaussian 
potentials with arbitrary exchange character are used to 
represent the effective nucleon-nucleon interaction, and the 


Stationary expres- 


trial functions are also Gaussian in nature. The numerical 
computations were performed on the MIT. Whirlwind I 
digital computer. Results with a two-parameter trial function 
seem to indicate little effect of polarization in either the 
doublet or quartet spin state. The scattering lengths obtained 
are not in numerical agreement with either of the two sets 
which are experimentally allowed, but they appear to favor 
the set in which the quartet seattering length is greater. In 
the no-polarization limit our results are not in complete agree- 
ment with those of earlier calculations. Computations using 
a more general four-parameter trial function are in progress 

* Supported in part by the U., S. Atomic Energy Commission and the 


Office of Naval Research. Most of this work was performed while the 
authors were at Massachusetts Institute of Technology 


Y6. Nuclear Cross Sections for the Scattering of Neutrons 
and Protons. k. JAstrow anno I. Haris, 1. .S. Naval Research 
Laboratory. -Calculations of cross sections and polarization 
effects in the scattering of neutrons and protons have been 
carried out for aluminum, iron, and lead, The calculations 
assume a complex central potential well of rounded form, plus 
a Thomas spin-orbit interaction. Phase shifts are computed 
in WKB approximation. Comparison with data on scattering 
310 Mev permits the determination of 
nuclear radii and surface thickness. We find that knowledge 
of the polarization is essential, the scattering data alone being 


and polarization at 


inadequate for the determination of these parameters. Further 
calculations are in progress on seattering by neutrons and 
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protons, at low energies, using an exact phase-shift analysis, 
and assuming an arbitrary radial variation of the absorption 
coefficient. 


Y7. Analysis of p-p Scattering at 32 Mev.* H. P. Noyes, 
University of California, Livermore.—As has been shown by 
Raphael,’ knowledge of the .S5 nucleon-nucleon phase shift in 
the 30-40-Mev region might allow a demonstration of short- 
range repulsion in the singlet state at an energy where there 
is some hope that a static potential description of the inter- 
action is still valid. Additional evidence for short-range repul- 
sion would consist of showing that the 'D, phase is significantly 
smaller than 0.8° (the smallest D phase to be expected at 32 
Mev from a monatomic potential fitted to the p-p effective 
range and scattering length?) Knowledge of the *P phases 
might help untangle a significant vacuum polarization effect.* 
Unfortunately, existing data* do not allow a conventional 
phase shift analysis to be made. However, it is possible to 
investigate numerically what continuous sets of values of the 
phase shifts are allowed, and a Univac code has been developed 
for this purpose. Results will be presented. 


* Research supported by the U.S. Atomic Energy Commission. 

‘RK. B. Raphael, Phys. Rev, 102, 905 (1956), and lectures at Livermore. 

1K. S. Christian and H. P. Noyes, Phys. Rev, 79, 85 (1950), 

4 Icrikeen, Foldy, and Rarita, Phys, Rev, 103, 781 (1956). 

*W. K. Hl. Panofsky and F. L. Fillmore, Phys. Rev, 79, 57 (1950); Cork, 
Johnston, and Richman, Phys. Rev. 79, 71 (1950), 


Y8. Excitation of Nuclear Rotational Motion by Neutron 
Scattering.” 1). M. Cuase ann L. Witrers, Los Alamos 
Scientific Laboratory. Neutrons are assumed to interact with 
strongly deformed target nuclei via a spheroidal, diffuse, 
complex potential well presented by the target. Only excitation 
of rotational levels is considered. The target is assumed to be 
even-even (spin zero). A Tamm-Dancoff approximation is 
made, in which states with target spin /2 6 are omitted. The 
resulting set of coupled differential equations for the various 
radial wave functions is integrated numerically through the 
region of changing potential. Excitation functions for the 
rotational levels J = 2 and J =4 have been studied as functions 
of deformation, diffuseness, and potential; they have been 
calculated especially for parameters characteristic of specific 
nuclei of interest. At reasonable deformations cross sections 
are, as expected, much smaller than those calculated from a 
distorted-wave Born approximation, but still comparable with 
cross sections for compound nucleus formation, Excitation 
functions will be compared with those obtained from the 
Wolfenstein-Hauser-Feshbach theory. The effect of the defor- 
mation and rotational coupling on total cross sections and 
other quantities of the spherical complex well model will 
be noted. It is hoped also to present results for angular 
distributions. 


*Work performed under the auspices of the U. S. Atomic Energy 
Commission, 


Y9. Neutron Scattering from Nonspherical Nuclei.* Kirk 
W. MeVoy, Brookhaven National Laboratory..-Numerical 
computations! of T',/D as a function of A for zero-energy 
neutron seattering from spheroidal nuclei, assuming identical 
deformations throughout the rare-earth region as a model, 
have shown the S-wave resonance at A =150 to be split by 


the deformation into a main peak and one or more satellite 
peaks. This demonstrates clearly that scattering from ran- 
domly oriented spheroidal potential wells is not equivalent to 
scattering from a spherical, diffuse-edge well. We wish to point 
out that a simple perturbation calculation, expanding the 
potential and the scattering-length in powers of the nuclear 
deformation, is adequate to explain the origin of the subsidiary 
resonances. The splitting is not due to the removal of a de- 
generacy, but rather to the mixing of partial spherical waves 
caused by the nonspherical potential. An even-order deforma- 
tion mixes even-/ phase shifts into the S-wave phase shift in 
such a way that, even at zero energy, all even waves for which 
l<KoR contribute resonances to the reaction cross section. 
These occur at or near their resonance positions for scattering 
from spheres, and shift in opposite directions for prolate and 
oblate deformations. It is interesting to speculate that odd- 
order deformations, might be in part responsible for the 
asymmetry of I',/D about A =150. 


* Work performed 
Commission, 


under the auspices of the U. S. Atomic Energy 


Y10. Scattering by Nonspherical Nuclei.* J]. Mayo GREEN- 
BERG, Rensselaer Polytechnic Institute.--Approximation meth- 
ods developed for high energy potential scattering! have been 
applied to the scattering from randomly oriented nonspherical 
obstacles. The results for small angle scattering are in form 
very similar to that of scattering by spheres and are thus quite 
simple. The total cross section for scattering by a uniform 
distribution of orientations may be readily calculated for two 
extreme cases: (1) RR>1, kR(V/E)<1, and (2) kR>1, 
kR(V/E)>1 where k is the wave number, RF is a linear measure 
of the size of the obstacle, V is the potential (real or complex), 
and E is the energy of the incident particles. Scattering of 
neutrons, from spheroidal nuclei with appropriate complex 
potentials will be discussed. 


* Work supported by a grant from the National Science Foundation. 
|) ee hd. Phys. Rev. 103, 443 (1956). 


Y11. Theoretical Investigation of Alpha-Alpha Scattering.* 
Cuartes H. Humpurey,t Lockheed Aircraft Corporation.— 
Recently measurements on alpha-alpha seattering have been 
performed at the Rice Institute by Phillips et al. from 3 to 
6 Mev and at Illinois by Nilson from 12 to 20 Mev. In com- 
bination with previous results they give a reasonably complete 
picture of the alpha-alpha scattering phase shifts from zero to 
22 Mev. Phase shi/ts have been calculated! for two types of 
potentials: (1) The model proposed by Haefner? with various 
values of g*, ro, and D, and (2) a square well potential with 
infinitely hard core. It is possible to fit the S-wave phase shifts 
from zero to 20 Mev with a number of different sets of param 
eters. The D and G phase shifts can then be fitted by adjust- 
ing these potentials in a uniform way. Comparisons with 
experimental results will be presented 

* Supported in part by Office of Naval Research and Office of Ordnance 
Research, 4 
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HOTEL INFORMATION 


The New Yorker is the headquarters hotel. 
Reservations should be sent directly to Mr. Johan 
Grundhofer, Front Office Manager of the New 
Yorker, in the manner directed below. Please tear 
off the attached and use as your room reservation 
blank. Be sure to specify the persons for whom 
reservations are being made. All rates quoted are 
for the room, and in the event of more than one 
person occupying the room the rate can be shared. 
If a third person is housed in the room, the cost of 


HOTEL 
Double-Bed 
Room and Bath Room with Bath 
for one for two 
HOTEL per day per day 
New Yorker 
34th Street $8 $12 $10 $15 
at 8th Avenue 
NOTE 
Tear Off 


FRONT OFFICE MANAGER 
HOTEL NEW YORKER 

344TH STREET AND 8TH 
NEW YORK, NEW YORK 


To: 


AVENUE 


single 
Please enter my reservation for a double bedroom at approx. $ 
twin 
I 
Meeting. plan to arrive 
We 


Print below Persons in Your Party 
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Room with Bath 


the extra “roll-away”’ bed will be added to the cost 
of the room. 

If a room at the rate requested is not available, 
one at the nearest available rate will be reserved 
for you. Be sure to bring the confirmation slip 
with you as proof of your reservation, In fairness 
to others, please make a cancellation if your plans 
change. Unless otherwise requested the hotel will 
hold reservations only to 6 p.m, of the day ol your 


arrival, Check out time is 3 P.M. 


RATES 


Suite 
Living Room 
sSedroom and Bath 


Twin-Bed One Room for 


+ person 


for two with bath for one or two 
per day per day per day 
$13 $18 $15 $18 $25.00 and up 


All rates subject to New York City 5° hotel room tax 


Tear Off 


A.P.S. 


to $ per day for the 1957 A.P.S, 


and remain until 


Signature 


Address (Street or P.O.) 


Town or City and State 
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In 1957, and probably for the first time in our 
history, we shall hold two meetings in the month of 
March. For the earlier of these—the one to be held 
in Norman, Oklahoma, on March first and second 

preliminary announcement was made in the 
Monterey Bulletin (Series I, Vol. 1, No. 8). The 
latter will be the usual ‘‘March meeting’’ at which 
our Divisions of High-Polymer Physics and Solid- 


Preliminary Announcement of the 1957 Philadelphia Meeting 


State Physics figure so largely. The dates are 
March 21, 22, and 23; the city is Philadelphia; the 
scientifu will at the University of 
Pennsylvania, and the headquarters hotel is the 
Benjamin Franklin. The rates are $7 to $11 per day 
for singles, $10 to $14 for doubles, and $14 to $16 


for twin-bed rooms. 


SCSSIONS be 





MEETINGS AND DEADLINES FOR THE YEAR 1957 


Place 
New York 
Norman, Oklahoma 
Philadelphia 
Washington, D. C. 
Notre Dame, Indiana 
Boulder,* Colorado 
St. Louis 
Stanford* 


March 1 


April 25 
June 20 


* Abstracts for the Boulder and Stanford meet- 
ings are to be sent to W. A. NIERENBERG, Univer- 
sity of California, Berkeley 4, California, and must 
reach his office not later than the corresponding 
deadline date. 

Abstracts for the other meetings listed above are 
to be sent to Kart K. Darrow, American Physical 
Society, Columbia University, New York 27, New 
York, and must reach his office not later than the 
corresponding deadline date. Take note that ab 
stracts mailed the day before deadline-day often 
fail to arrive in time: the last postal delivery of the 
day usually comes to our office before 2 p.m. Allow 


March 21 


Meeting dates 


January 30-February 2 


Deadline date 


past 
2 past 
23 January 18, 1957 
27 February 15 
22 April 12 


September 5-7 
November 29-30 
late December 


July 8 
to be announced 
to be announced 


at least two days for abstracts sent by air-mail 
from points east of the Mississippi, and longer for 
from farther 
contusion, please do not send an abstract for any 


those sent west. To avoid chance of 
meeting until the deadline date of the previous 
meeting is at least five days past. he privilege of 
contributing papers to meetings of the American Phys 
ical Society is restricted to the members of the Society 
and to nonmembers whose papers are sponsored by 
li, with 
members in the by-line of an abstract, the former 


members. however, members join non- 


are considered to be sponsoring the latter. 





RULES PRESCRIBED FOR ABSTRACTS 


The Council has ordered that abstracts shall be 
not longer than two hundred (200) words or the 
equivalent thereof. In reckoning equivalence, a 
footnote is equated to ten words; each line in a 
table to ten words; a “display” formula—one that 
requires a line to itself——is an expensive luxury 
equated to forty words. 

Two copies of each abstract must be sent to the 
appropriate office. They must be typewritten and 
double-spaced ; one must be an original, the other 
may be an original or a carbon copy. Each abstract 
must be confined to a single page: if it is too long 
for a single page it is too long to be printed. //ence- 
forth, if we receive an abstract typed on two pages, 
we shall print only its first page. Write each abstract 
as a single paragraph: the suppression of paragraphs 
costs time and labor to the editors. Do not use very 
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thin paper; a sheet of very thin paper may cause 
extraordinary trouble when mixed with sheets of 
reasonable thickness. Look at the abstracts in this 
Bulletin to see how the title of the paper and the 
name of the author are to be arranged, and follow 
the example. Issues of the Bulletin are sometimes 
appreciably delayed because the editors have to do 
what the authors should have done. 

Remember the rule of the Council that, if an 
author submits more than one abstract, all but one 


In 


enforcing this rule, an abstract is credited to the 


must go onto the Supplementary Programme 


author whose name appears first in the by-line. 
By action of our Council, abstracts will not hence- 
forth be withdrawn from our proofs unless the 
asker sends ten dollars with his request. 
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MINUTES OF THE 1956 FALL MEETING OF THE NEW YorK STATE SECTION, 
FRIDAY AND SATURDAY, OCTOBER 12 AND 13, 1956 


Hk thirty-sixth meeting of the New York 

State Section of the American Physical 
Society was held at the Polytechnic Institute of 
Brooklyn. Approximately forty-five persons signed 
the reyistration lists. Professor P. P. Ewald, head 
of the Physics Department at the Institute, brought 
words of welcome. The Friday sessions were fol- 
lowed by an inspection tour of the laboratories at 
the Institute, a cocktail party in the faculty lounge, 
and a banquet at Henri Ferrer’s restaurant. 

The banquet speaker was Professor Pierre Auger, 
currently director of research at UNESCO, Those 
attending the dinner enjoyed Professor Auger's re- 
marks concerning the role of the scientist in society 


and heard with interest his views on problems deal- 


ing with the recruiting and training of future 
physic ists. 

The splendid program consisting of eight con- 
tributed and six invited papers was arranged by 
Dr. I. 


physics at the Institute. The contributed and in- 


Fankuchen, head of the division of applied 


vited papers presented at the various sessions are 


listed below. 


D. H. TOMBOULIAN, Secretary 

New York State Section American 
Physical Society 

Cornell University, Ithaca, New York 


I. Contributed Papers 


1. Sonic Velocity in the System Anilene-Cyclohexane in the 
Critical Solution Region. Marjorie Sonet anp F.C, Cousins, 
Polytechnic Institute of Brooklyn. 


2. Cation Substitutions in Hexagonal Ferri-magnetic Ox- 
ides.* K. SUMMERGRAD AND E. Banks, Polytechnic Institute of 
Brooklyn. 


* Supported by the Signal Corps Engineering Laboratories, 


3. On the Theory of Electron Transfer Processes.* R. A. 
Marcus, Polytechnic Institute of Brooklyn.—-Recently, a 
quantitative theory' was formulated for electron transfer 
reactions in solution, and a simple expression was obtained 
for the reaction rate in terms of molecular properties. The 
theory was devised for reactions in which there is but a small 
overlap of the electronic orbitals of the two reactants in the 
collision complex, and it utilized certain expressions obtained 
for the free energy of media having nonequilibrium dielectric 
polarization.? In the present paper the theory is applied to 
various oxidation-reduction reactions in) aqueous solution, 
including some involving isotopic exchange. The agreement of 
the experimental and theoretical results is considered reason- 
able, no adjustable parameters having been introduced into 
the calculations. The value of x-ray diffraction, infrared, mag- 
netic, and paramagnetic resonance studies of various hydrates 
and of other compounds to the detailed understanding of these 
electron transfer processes is discussed, The relation of these 
considerations to those involving electron transfer reactions 
at electrodes and to a recent quantitative theory of over- 
voltage’ is noted. 

* Supported in part by the Office of Naval Research, Contract Nonr 
B49(09), 

'R. A, Marcus, J, Chem, Phys, 24, 966 (1956), 


*R, A, Mareus, J. Chem, Phys, 24, 979 (1956), 
* Unpublished results. 


4. The Hall Effect and Ferromagnetism of Thin Nickel 
Films.* R. Coren ann H. J. Jurerscnke, Polytechnic Institute 
of Brooklyn. The electrical and magnetic properties of films 
of nickel less than 100 A thick have been measured at room 
temperature. The electrical data show that films prepared 
under controlled conditions! are continuous and of uniform 
thickness. Magnetic properties were determined using the 
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extraordinary Hall effect.2? The data have been explained in 
terms of the theory of a film magnetizing as a single domain,’ 
and by extending the resistivity dependence of the extra- 
ordinary Hall effect‘ to these films. At room temperature the 
saturation magnetization in the direction normal to the film 
plane decreases with decreasing thickness and disappears at 
about 20 A. At a given thickness the magnetization in this 
direction is lower than that found in the plane of the film.’ The 
direction normal to the film plane is one of hard magnetization. 

* Supported in part by the Office of Naval Research 

1 E, C, Crittenden, Jr., and R. W, Hoffman, Revs. Modern Phys, 25, 310 


(1953). 
2S. Foner, Phys. Rev. 95, 652 (1954). 


*C, Kittel, Phys. Rev. 70, 965 (1946 
*R. Karplus and J, M, Luttinger, Phys. Rev. 95, 1154 (1954 
5. Coupled Ferromagnetic Resonance. F. K. pu Pref, 


Philips Laboratories.—If a ferromagnetic resonance absorption 
experiment is performed using two adjacent ferrite spheres, 
one may observe a splitting of the resonance line into a narrow 
doublet if the strength of the exciting field is different at the 
ellect 
For one line of the doublet the precessions are in 
We have also observed 


positions of the two spheres. Observations on thi are 
reported 
phase, for the other in opposite phase 
the natural splitting of the ferromagnetic resonance absorption 
line of only one sphere, the main line being ac¢ompanied in our 
case by two prominent satellite lines occurring at fields a few 
hundred oersteds lower than the main line 
presented to show that these satellites are most likely due to 


his is 


Arguments are 


opposite phase precessions of two parts of the sphere 
in agreement with the idea of White, Solt, and Mercereau.! 
Phys I], 1, 


1 White, Solt, and Mercereau, Bull. Am Soc, Ser 12 (1956 


6. Surface States in Crystals. 8. A. LippMann, Polytechnic 
Institute of Brooklyn.*—Two in the theory of one- 
dimensional crystals are discussed. (a) Shockley states: Sur- 
face states are possible, even in perfect crystals, provided the 


topics 


energy bands have crossed. These levels are regarded as essen- 
tially different from states due to surface imperfections. We 
observe, however, that when energy bands cross, the crystal 
the unit cell shifts, leaving an extra 


These half-cells constitute 


changes its symmetry 
half-cell at each end of the crystal 
“impurity layers’’ and give rise to surface levels according to 


the usual theory. This viewpoint unifies the analysis of 
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Shockley levels and levels originating from surface imperfec- 
tions. (b) When are energy crossings possible? For a square 
well, it is known that the energy must be greater than the 
potential (E>V) everywhere in the unit cell. Utilizing the 
general behavior of Bloch functions under time and space 
inversion, we show that a similar result holds for more general 
potentials: If the potential is real and (for convenience) sym- 
metric, then if E is not > V everywhere in the unit cell, there 
are no energy crossings and therefore no Shockley levels. 


* Now at Eastern Technical Associates. 


7. Some Further Work with the Renninger Effect in 
Crystals. Ropert S. WILLIAMSON®* AND I. FANKUCHEN, Poly- 
technic Institute of Brooklyn.—The azimuthal variation in the 
intensity of a Bragg x-ray reflection, as a crystal is rotated 
about a normal to the reflecting crystallographic planes, was 
shown by Renninger to result from simultaneous occurrence 
of other reflections. The present studies were undertaken to 
obtain quantitative information necessary for interpretation 
of the dynamical interaction among such reflections and to 
investigate the possibility of direct determination of the rela- 
tive phases of these reflections. A nondivergent x-ray beam of 
characteristic copper Ka radiation was obtained by successive 
reflections from two germanium crystals having normal planes 
of incidence. Geiger counter measurements were made of the 
reflected intensity from a rotating third crystal of quartz, 
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potassium sulfate, or ammonium sulfate. The observed charac- 
teristics of the azimuthal regions of erhanced intensity in weak 
reflections are similar for crystals of high and low degree of 
perfection. An asymmetrical angular distribution of increased 
intensity is observed in many cases. Although increases in the 
intensity of a strong reflection are not likely to be observed, 
extinction results in decreases in the intensity of such retlec- 
tions with both a frequency of occurrence and magnitude 
previously not fully appreciated. 


* Now at Queens College. 


8. Sodium in the Upper Atmosphere of the Earth. Ronrert 
Resnick, Rensselaer Polytechnic Institute.Recent publicity 
concerning plans to release sodium into the earth's upper 
atmosphere from rockets has evoked popular interest. In order 
to clarify what one hopes to learn from observations on the 
sodium released in this way, the author will review the diffi- 
culties encountered in seeking to understand the role of sodium 
naturally present in the earth's atmosphere. Such aspects of 
the problem as the mechanism of excitation of the sodium 
atoms emitting radiation in the twilight and night sky, the 
determination of the location and distribution of the sodium 
atoms, and theories concerning the origin of atmospheri« 
sodium will be discussed. The relationship of this problem to 
other processes occuring in the earth's upper atmosphere will 
be mentioned. ' 


II. Invited Papers 


1. Use of Counter Tubers in X-Ray Analysis. Wittiam Parrisu, Philips Laboratories 
2. Nuclear Resonance in Solids at High rf Power Levels. ALrrep G. Reprieip, Watson Scientific 


Laboratories. 


3. Magnetic Domains in Thin Films. H. J. Wittiams, Bell Telephone Laboratories. 


4. A Travelog of Physics Around the World. Cakes I 


Pownes, Columbia University. 


5. Reactors for Research. Lye B. Borst, New York University. 


6. High-Energy Physics at the Brookhaven Cosmotron. kh. K. 


Laboratories. 


Apvair, Brookhaven National 





MINUTES OF THE NINTH ANNUAL GASEOUS ELECTRONICS CONFERENCE HELD AT PITTSBURGH, 
PENNSYLVANIA, OCTOBER 31, NOVEMBER 1, 2, AND 3, 1956 


HE ninth annual Gaseous Electronics Con- 

ference was held at the Westinghouse Re- 
search Laboratories near Pittsburgh, Pennsylvania 
on October 31, November 1, 2, and 3. The con- 
ference was jointly sponsored by the Division of 
Electron Physics and the Westinghouse Research 
Laboratories. The highlight of the conference was a 
symposium on high-temperature plasmas arranged 
by the conference chairman, W. P. Allis. The titles 
of the invited papers and the abstracts of some of 
the 42 contributed papers are printed below. There 
were 297 registrants. 


The conference banquet was held on Thursday 
evening, November 1. Sanborn C. Brown, of the 
Massachusetts Institute of Technology, was the 
after-dinner speaker. He presented a talk on “Count 
Rumford, the Father of Applied Science.” 

The Conference Committee for the coming year 
consists of W. P. Allis (Chairman), Sanborn C, 
Brown (Secretary), FE. F. Lowry, O. Oldenberg, 
K. B. Persson, and A. V. Phelps. 


A. V. Pureirs, Secretary 
1956 Gaseous Electronics Conference 


Contributed Papers 


A2. Theory of the Electric Arc at Metals with a Low Melting 
Point, Such as Copper. RaGnar Howtm, Stackpole Carbon 
Company.—A consistent theory of the electric arc on metals 
of low melting ‘points, such as copper and silver, has been 
achieved. The power balance and the rate of evaporation 
calculated conform to experimental data. As an important 


detail, it may be noted that the pressure before the cathode 
spot has values as high as 10 and 25 atmos. To these saturation 
pressures correspond elevated boiling points, 3200 to 3800°K, 
the temperature of the cathode spot. At currents below 50 amp 
the current density of the positive ions constitutes only a few 
percent of the total current and the greater portion of the 
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electron current from the cathode isa field current. At currents 
of the order of 10‘ amp the positive and negative currents are 
about equal and the electron emission from the cathode is 
thermionic, enhanced by the Schottky effect. The complete 
theory will be discussed in detail in the forthcoming book 
“Electric Contacts Handbook” to be published early in 1957 
by Springer-Verlag in Berlin. 


A3. Probe Measurements in the High Intensity Carbon 
Arc. M. R. NULL AND W. W. Lozier, National Carbon Research 
Laboratories. Probe measurements have been made of the 
voltage distribution in a high intensity carbon arc over a range 
of are currents and are lengths. The voltage drop at the 
cathode and the voltage gradient across the arc plasma change 
but little with different are currents and are lengths. However 
when the spacing between the electrodes is increased, all of 
the increase in are voltage does not appear across the aré 
plasma. Almost one-half (40%) of the increase in voltage is 
found at the anode itself. 


A4. Current Density and Temperature of High Current 
Arcs. ‘IT. H. Lee, W. R. Witson, anp J. C. Sortanek, General 
Electric Company.—-A method of measuring the current density 
of arcs of the order of 20000 amp is reported. The method 
consists of placing a small stationary current transformer in 
the are plasma. The voltage induced in the current transformer 
is shown to be proportional to the rate of change of the current 
linked by the current transformer. The temperature of the arc 
is calculated from the current density and voltage gradient 
measurements. A maximum temperature of 19 000°K was 
obtained. The effects of the current transformer on the arc are 
discussed. The results are compared with those of Skeats and 
Schuck. It has been previously reported by Skeats and Schuck 
that the luminous cones in an arc are not closely related to the 
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current paths in the arc. [t is proposea in this paper that the 
luminous cones are the relatively cool (3000 to 5000°K) vapor 
jets flowing in the high temperature (20 000°K) “‘nonlumi- 
nous” plasma. The narrowing down of the cones indicates the 
widening of the boundary layer or mixing zone. A very impor- 
tant role for the vapor jets in dissipating the energy input to a 
high current arc is proposed and its relation to the over-all 
energy balance is discussed. 


A5. Fast Time Analysis of Low Pressure Glow-to-Arc 
Transitions.* RusseELL J. WestBerG, University of California, 
Berkeley.—Initial results on time analysis of transitions from 
an abnormal glow discharge at about 0.1 to 1 mm relatively 
pure Nz and 20 ma current to transient power arcs with 
hundreds of amperes in a 146-cm long tube studied by one 
photomultiplier tube viewing the cathode triggering the sweep 
of a fast synchroscope with a second photomultiplier placed 
at various points down the tube were reported at the last 
conference. Techniques have since been perfected to permit 
measurement of the prebreakdown current, and the potential 
distribution down the tube as a function of time and position 
by probes. Complete data over the range of available operating 
variables have been achieved for relatively pure No, Ne—O:2 
mixtures, including air, pure A, and pure H». Potential drops 
occur up to 500 and less out of 1760 v applied across the tube 
and accompany the luminous pulses as they advance down the 
tube from cathode to anode. Gradients decrease as the pulse 
advances and are difficult to follow for the reflected pulse of 
ionization and luminosity moving from anode to cathode 
Velocities in the Faraday dark space reach 410° cm/sec in 
air. Argon behaves much like Ne. Data accumulated are ade- 
quate to permit theoretical analysis of phenomena. 


* This work was supported by the Office of Naval Research 


Invited Paper 


A7. The Mechanism of the dc-Arc-Column and the Production of High Stationary Temperatures. 
H. MAecKer, Siemens-Schuckert Research Laboratories. 


Contributed Papers 


Bl. Space-Charge Formation and the Negative Townsend 
Characteristic. A. L. Warp, Diamond Ordnance Fuze Labora- 
tories. Crowe, Bragg, and Thomas! have shown that when 
the steady state current-voltage characteristic of a uniform 
field gap is modified by space-charge formation, a negative 
slope region is obtained beyond a certain current. The formu- 
lation used by the above authors has been modified only in 
that a, the first Townsend coefficient, has been changed to 
depend exponentially upon the inverse square root, rather than 
the inverse first power of E/P. This dependence allows a 
satisfactory fit to experimental data over a much wider range 
of E/P for the rare gases. Static characteristics have been 
computed for the rare gases for a wide variety of pressures and 
gap distances, and with some variation of the first and second 
Townsend coefficients, initial photocurrents, and positive ion 
mobilities. Numerical computations were made by the Na- 
tional Bureau of Standards Computation Laboratory on 
SEAC. Comparisons of the computed characteristics with 
experimental data taken in this laboratory have been made 
in a limited number of cases. In some cases the agreement 
is quite good, whereas in other cases there are marked 
discrepancies. 

' Crowe, Bragg, and Thomas, Phys. Rev, 96, 10 (1954), 


B2. A Method of Measuring the Mobility Spectra of Nega- 


tive Ions in Gas Mixtures.* E. W. McD Ante, Georgia Insti- 
tute of Technology, AND H. R. CRANE, U’niversity of Michigan.— 


A new pulse method of measuring the low-field mobility of 
negative gaseous ions is described. Negative are formed 
by the capture of the electrons produced in the ionization path 
of an alpha particle which crosses one end of a long, uniform 
field drift tube. The alpha particle enters a proportional 
counter at the end of its path. The arrival of each individual 
negative ion at the other end of the drift tube is signaled by a 
second proportional counter. The first triggers the 
sweep of a synchroscope, and the second counter modulates 
the beam brightness. A large number of such sweeps is inte 
grated photographically. In each run, with a different gas 
mixture, a sharp line appears in the photographic spectrum 
This gives the drift time for the negative ion in that gas. The 
mobilities of the negative ions in pure oxygen, and in mixtures 
consisting of varying percentages of oxygen in He, Ne, A, Kr, 
Xe, COs, Ne, and He were measured and will be discussed. The 
mobility of the negative ion in pure SF» was found to be 0.57 
cm?*/v sec. This agrees well with the range for SF«~ predicted 
by the Langevin theory including charge exchange, namely, 
0.46 to 0.56. 


* Supported in part by the U. S. Air Force, Office 
of the Air Research and Development Command. 


1ons 


counter 


of Scientific Research 


B3. The Temperature Dependence of Ionic Mobilities: 
Helium, Neon, Argon. L. M. Cuanin anp M. A. Bronopr, 
Westinghouse Research Laboratories. -Measurements have pre 
viously been made of the mobilities of atomic and molecular 
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ions moving in their parent gas for helium' and neon? at 300°, 
195°, and 77°K. The measurements have now been extended 
to argon. The measured atomic ion mobilities are compared 
with Holstein’s theory’ in Table I. As in the case of neon, the 


Tasie I, 
T°K 300° K 195°K 77°K 
wo (exptl.) cm?/v sec 1.60 1.95 2.20 
we (theory) 1.65 1.85 2.16 


agreement is within the combined errors of experiment and 
theory. This is in contrast to the case of helium where the 
experimental results fall below the theoretical values at lower 
temperatures. The experimental results for the molecular ions 
are compared with the temperature variations predicted by 
the Langevin and Hassé-Cook theories 
the argon values lie intermediate between the limiting cases 
represented by these theories. For A,* the measured values 
are 2.7 at 300°K, 2.9 at 195°K, and 2.7 at 77°K. 


As in the case of neon, 


iL. M. Chanin and M. A. Biondi, Phys. Rev. 99, 1658(A) (1955 
71. M,. Chanin and M. A. Biondi, Phys. Rev. 100, 981(A) (1955 
: 


lr. Holstein, J. Phys. Chem, 56, 832 (1952 

B5. Some Integrable Cases Involving Bimolecular Proc- 
esses in Gaseous Electronics. Jerome RorustTein, Signal 
Corps Engineering Laboratories.—If{ the concentration n 
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(respectively p) of negative (respectively positive) ions, (m = p) 
satisfies dn/dt=g—rn*?+DV'%m (zg, r, D, respectively, volume 
generation, recombination, and ditlusion coefficients), then if 
the diffusion term is approximated by —n, 
plic itly by 


rT, nm iS given exX- 


coth { 


.. + ' 1\@ 
O-(+iaa) y(t) 
n() r aap ert 4 ’ 


tanh 
coth™ 1 
(n ' drt 
1 


(7 
tanh’! (\r 47? 


with nm=no at t=0, and coth or tanh 
no = (g/r+1/4r*7*)*, respectively. For the one-dimensional 
steady-state problem, governed by 0g —rn* +4 Dd'n/dx*, an 
explicit solution can be obtained involving Jacobian elliptic 
functions. D, r, and g are taken independent of concentration, 


) 
2rr 


applies to 


Bimolecularity implies common values of g and r for positive 
and negative ions; ambipolarity indicates the same for D at 
high concentration with the latter not necessarily implied by 
the former. The solution for n(t) will be discussed, showing its 
relation to more approximate or asymptotic ones in the litera- 
ture, and how their application outside their sphere of validity 
can lead to erroneous inferences about the existence of separate 
fast and slow processes. 


Invited Papers 


Cl. High Temperature Plasma Research : Some Physical Problems and Measurement Techniques. 
R. F. Post, University of California Radiation Laboratory. 
C2. Some Theoretical Properties of the Pinch Effect and Its Instabilities. J. L.. ‘buck, (/niversity 


of California, Los Alamos Scientific Laboratory. 


C3. Diffusion of Charged Particles Across a Magnetic Field. A. Simon, Oak Ridge National 


Laboratory. 


C4. Some Hydromagnetic Instabilities. M. Kruskat, /’roject Matterhorn, Princeton University. 
C5. An Energy Principle for the Hydromagnetic Stability Problem. I. FrimMAn, /’roject Matterhorn, 


Princeton University. 


Contributed Papers 


D1. Sputtering Yields for Low Energy Hg‘-lon Bombard- 
ment.* G. K. WEHNER, General Mills, Incorporated.-Sputter- 
ing yields for normal incident Hg ions were measured in the 
energy range 30 ev to 400 ev for Au, Ag, Cu, Pt, Ni, Al, Ti, 
W, Mo, Ta, and Fe. The targets are immersed like large nega 
tive Langmuir probes in a low pressure Hg plasma of high 
density (Hg vacuum are discharge at 1 w gas pressure, ion 
current densities 10 ma/cm*). Absolute yield values are ob 
tained by measuring the weight loss from the target, relative 
values by measuring the speed with which sputtered material 
is deposited on a glass collector. By using a glass ribbon, which 
can be shifted magnetically, a number of measurements can 
be performed without opening the tube. With yields essen 
tially independent of gas pressure, tube geometry, and ion 
current density, the scattering of measuring points remains 
within +10° . Yields above the sputtering threshold are 
roughly proportional to the ion energy. The slope is essentially 
determined by the atomic 
and the crystal structure of the target material 


weight, the heat of sublimation, 


* This work is sponsored by the Office of Naval Research under Contract 
NONRK 1589(08), 


D2. Analysis of Low-Energy Sputtering. -. LANGBERG, 
Radio Corporation of America.—Starting with the assumption 
that the atomic interaction in metals can be reasonably ap 
proximated by the Morse potential’ the validity of the binary 
collision mechanism for energy transfer in the lattice is ex- 


amined. A two-collision sputtering mechanism is postulated 
for sputtering near the threshold optimum energy 
transfer conditions, the analysis of this process gives the ion 
energy for a sputtering threshold of a surface particle tied by 
N bonds. Under a prolonged ion bombardment a surface con- 
tains particles with N ranging from a maximum determined 
by a complete surface to a minimum determined by inaccess 
ible bonds. Sputtering yield vs energy function is derived and 
shown to consist of a parabolic and a linear part. Predicted 
Hg? curves are compared. Two thresh 
the actual intercept of the yield curve and 


Under 


and experimental? Pt 
olds are defined 
the intercept of the extrapolation of its linear part. The two 
thresholds are computed for twenty metals bombarded by Hy* 


and compared with experiment.* 
> Slater, Introduction to Chemical Physics (McGraw-Hill 
Company, Inc., New York, 1939), Chap. 27 
7G. K. Wehner, Advances in Electronics 7, 239 
4G. K. Wehner, Phys, Rev, 93, 643 (1954), 


Hook 


1955). 


D3. Statistical Mechanics of Cathode Sputtering. II. lon 
kk. Harrison, Jr., University of Louisville 
statistical 


This paper is a 


continuation of the author's treatment of the 
cathode sputtering problem.' New theoretical curves have been 
calculated from the transport theory, using sputtering thresh- 
olds as predicted by Wehner,’ and fitted to Keywell's experi- 
mental data.” Satisfactory fitting can be obtained for six sys- 


tems with mass ratios between 0.04 and 0.80 by varying a 
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single parameter. The theory is also satisfactory for Kr bom- 
barding Cu, which is the only available set of data for mass 
ratio greater than unity. The fitting is adequate, but not as 
good, for the system He-Pb. The theoretical implications of 
certain new experimental data will be discussed. 

1D). KE. Harrison, Jr., Phys. Rev. 102, 1473 (1956), 


4(,. K. Wehner, Phys. Kev, 102, 690 (1956), 
*F, Keywell, Phys, Kev. 97, 1611 (1955). 


D4. A Novel Form of Hollow Cathode and Its Discharge 
Characteristics. A. 1). Waite, Bell Telephone Laboratories, 
Inc.--Rare gas discharges to certain types of hollow cathodes 
have switching and transmission properties which are presently 
of considerable interest to the field of electronic switching. In 
addition to the usual high negative resistance (10‘— 10 ohms) 
characteristic of discharges at low currents (10-*—10~* amp), 
these discharges exhibit a second region of negative resistance 
(10? 10% ohms at speech frequencies) at currents of a few 
milliamperes. At typical operating pressures of yg atmos of 
neon, the current density at the cathode surface is approxi- 
mately 0.1 amp/em*. Under these conditions tube life is limited 
by the rate at which material is sputtered from the cathode 
surface. Experimentation with a variety of cathodes had indi- 
cated that, for all practical purposes, the effects of sputtering 
(i.e., cathodic erosion and gas clean-up) are eliminated even 
at current densities in excess of 0.6 amp/cm* by a choice of 
cathode geometry approximating a spherical cavity having a 
small aperture. That this is a uniquely stable configuration is 
suggested by the observation that hollow cathodes of other 
shapes tend to become spherical during operation of the 
discharge. The nature of the high-current, negative voit- 
ampere discharge characteristic will be discussed in terms of 
plausible physical processes. 


D5. Photons in the Negative Glow. 1). J. Roser anp J. 
ErsinGer, Bell Telephone Laboratories, Inc. -A tube has been 
built which permits measurement of electron emission from 
the cathode by photons produced in a glow discharge. The 
tube is of parallel plate construction with one movable and 
one fixed electrode. The latter contains a central region with 
many small holes drilled at 45°. Behind this perforated region 
is a small movable parallel plate collector, A coplanar annular 
guard disk surrounds the fixed electrode, which isolates a dis- 
charge in the main gap from the collector region. All parts of 
the tube seen by the discharge, including the collector, are 
molybdenum. A glow discharge is run in the main gap with 
either the fixed or movable electrode as cathode. By measuring 
the collector current as a function of its potential and gap 
spacing, one can isolate the effect of photons which penetrate 
the holes. The photocurrent at the cathode for a given E/p 
can then be calculated and compared to the main discharge 
current. For hydrogen, it is large, and a considerable fraction 
appears to arise from resonance radiation which is attenuated 
in the molecular gas. Cathode photoemission is about one-half 
of that arising from ionic secondary emission. 


Do. Ionic Oscillations in Hot Cathode Discharges. WALTER 
J. Granam, U. S. Naval Research Laboratory.~-A study has 
been made to determine the mechanism of the low-frequency 
oscillations frequently observed in hot cathode gas diodes. 
While at higher currents one encounters conventional relaxa- 
tion oscillations, the phenomenon of interest here is the 
existence of rather undistorted sinusoidal oscillations, the 
frequency of which is independent of circuit reactances. Such 
oscillations occur predominantly in the ‘‘anode-glow’ mode, 
but also in the ‘‘ball-of-fire’’ mode. Measurements (using direct 
scope observation and also superheterodyne technique) have 
been made in rare gases, as a function of pressure, current, and 
cathode temperature. Observed frequencies are in the kilo- 
cycles to megacycles range. The results, particularly the drop 
in frequency with increasing pressure, tend to discount the 
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possibility of ion oscillations of the usual Langmuir-Tonks 
type, but rather support strongly the suggested hypothesis of 
ions oscillating in the minimum of the cathode-anode potential 
profile. Some evidence has been obtained for 1/\/M de- 
pendence by using gas mixtures. Brief mention will be made 
of the possibility of adapting such a device to diagnostic 
studies of ion composition of an active discharge (for example 
to determine the presence of molecular ions). 


D7. Vanishing Coefficients in Series Expansions of Periodic 
Distribution Functions. T. E. VAN Zanpt, Sandia Corporation. 

When the velocity distribution function is expanded in a 
series of orthogonal functions, the vanishing coefficients can 
be determined prior to solving Boltzmann's equation either 
(a) by reasoning whether each term can or cannot be generated 
by the applied force, or (b) by requiring that each nonvanish- 
ing term be functionally invariant under the same transforma- 
tions which leave invariant the boundaries and Boltzmann's 
equation with the given force. The latter condition is briefly 
derived, and results as obtained with it are presented for 
several configurations of force and boundaries. For ex- 
ample, if the applied force is the traveling electric 
E = Eyi cos(wt —8z) and the boundaries are infinitely distant, 
the distribution function would be expanded as 


wave 


Bz) = > CSimn(v) ¢ osl (wt Bz) 


im, n~0 


S(v, wt 


+£imn(v) sinl (wt — Bz) ] cosm¢P,.™(cosé), 


where cos@ =v,/v and tang =v,/v,; and those coefficients must 


vanish for which the sum /+m-+-n is odd 


El. Probe Measurements of Ionization in Flames. W. E. 
Rice, I. R. Kinc, anp H. F. CaLcore, Experiment Incorpor- 
ated.—-Cylindrical probes have been employed in attempts to 
deterrnine the positive ion concentrations in flames, mostly at 
atmospheric pressure. Simple Langmuir probe theory predicts 
many of the observations correctly. The concentrations of ions 
calculated from the measurements by means of the simple 
theory must be corrected by the factor a/l, where a is the 
probe radius and / the mean free path of the ions. Measure- 
ments on flames containing known concentrations of alkali 
metals give values for ion and electron concentrations which 
agree with those calculated from Saha’s equation. These re- 
sults confirm the use of the correction factor, which is essen- 
tially empirical. In addition it is found that experimental and 
theoretical wall potentials agree, and the electron tempera- 
tures are somewhat higher than the adiabatic flame tempera- 
ture (2800°K and 2270°K). The sheath thicknesses calculated 
by several procedures are in agreement. However, it is found 
that the distance of interference of the two probes except in 
the reaction zone is considerably larger than the calculated 
sheath thickness and in salted flames is independent of the 
probe diameter. The resolution of the probe in the reaction 
zone suggests that the interference distance there is smaller 
than this. When a second probe is placed 1 cm downstream 
from the first probe, very little current is detected by the 
downstream probe, indicating that the rate of ion formation is 
slow. The work is being continued toward the development of 
a theoretical understanding of the observations. 


E2. Studies of Combustion Zone [Ionization Utilizing 
Focused Electromagnetic Beams. W. W. Batwanz, U. S 
Naval Research Laboratory. Focused low-energy electromag- 
netic beams used as probes provide a means of studying the 
conductivity of ionized gaseous media. Such a system is par- 
ticularly desirable in studying combustion zone phenomena, 
since the probing beam does not cool or otherwise materially 
disturb the normal flow of the combustion gases. A 1.25-cm 
wavelength system has been utilized at the Naval Research 
Laboratory to conduct exploratory measurements on the 
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ionization in low pressure combustion zones of acetylene, 
alcohol, gasoline, ammonia, hydrogen sulfide, carbon disulfide, 
and hydrogen flames. The fuels were premixed with oxygen 
and burned in a vacuum chamber at a pressure of between 3 
and 4 mm of mercury. A Meker-type burner 4 in. in diameter 
and 19 in. long, partially filled with glass beads to facilitate 
mixing, was used. Measurements were made of the absorption 
of electromagnetic energy propagated through the flame. The 
experimental results were used to determine the electron 
densities, which, in some cases, were 6 orders of magnitude 
greater than the values calculated assuming thermodynami 
equilibrium. 


E3. Microwave Measurements of High Electron Densities.* 
S. J. Bucnuspaum, Massachusetts Institute of Technology. —The 
conventional microwave method for measuring plasma elec- 
tron densities is limited in its validity to relatively low concen 
trations (approximately 10° cm™*). Following a theoretical 
development by Persson,'! a method is presented whereby 
much higher densities can be measured. The method is based 
on eliminating the effect of ac space charge on the probing 
microwave field. This is accomplished by ensuring that the 
electric field by everywhere perpendicular to electron density 
gradients and parallel to plasma boundaries. In addition, a 
discussion is presented on the effect of neighboring modes on 
the measuring mode in a microwave cavity 

* This work was supported in part by the Army (Signal Corps), the Air 
Force (Office of Scientific Research, Air Research and Development 


Command), and the Navy (Office of Naval Research 
1K, Persson (to be published). 


E4. The Balmer Lines as Indicators of the Physical State 
of a Plasma.* H. MarGenau, Yale University.-This paper 
reports new results of a theoretical study concerning the struc- 
ture of the Balmer lines emitted in a plasma of high ion den- 
sity. Reliance on the Holtsmark theory leads to two errors: 
(1) the theory itself requires modifications, and (2) the effect 
of the electrons becomes important and must be included, We 
intend to show particularly how point (2) can be treated and 
how the electrons modify the Holtsmark shape. The departures 
from that shape depend on the temperature as well as the 
density of electrons and should provide, in principle, an inde- 
pendent measure of the electron temperature. Point (1) will 
be left for casual discussion if time permits 


* Work performed under the auspices of U.S. Air Force Research and 


Development Command 


ES. Further Results on Coulomb Interactions in a Plasma.* 
Harry Dreicer, University of California, Los Alamos Scien- 
tific Laboratory.—Vhe Boltzmann-Fokker-Planck transport 
equation described elsewhere! has been solved numerically? 
with nonlinear and integral terms of the equation retained in 
their exact form. The electronic molecules is 
included, but inverse collisions of the second kind have been 
than 10% 
so that the effect of electron-ion encounters on resistive heating 
can be ignored. The effect of electron-electron encounters on 
the distribution function, average electron erfergy, and the 
inelastic collision rate is the problem investigated. Results are 
given as a function of E/p and @, and the transition of the 
distribution function from 8 =0 to the Maxwellian distribution 
is shown to occur at a 8 predicted by energy relaxation rates 


excitation of 


neglected. The ionization degree, 8, is limited to less 


* Work done under the auspices of the U.S. Atomic Energy Commission 

1H. Dreicer and W. P. Allis, Eighth Gaseous Electronics Conference, 
Schenectady, New York (1955) 

21 am indebted to Mr. T. Doyle who coded this problem for the IBM 701 


E6. Collisions of Slow Electrons with Atoms and Ions.* 
A. A. DouGaL anno L. Go_pstein, University of Illinois.—The 
characteristic time required for equipartition of energy through 
electron collisions with the ion and atom constituents of the 
plasma has been investigated experimentally. A guided micro 
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wave interaction technique was employed for heating the 
electron gas to increments above that of the ion and gas tem- 
perature, and for probing the plasma during the subsequent 
transient when the electron temperature relaxes to that of the 
ions and atoms. The theoretical predictions of Landau,’ and 
Spitzer,? which are based on appropriate averages over binary 
electron-ion collisions, for the characteristic time of return to 
temperature balance due to the long range Coulomb interac- 
tion between electrons and ions are verified well within an 
In neon at 300°K, 0.9 mm He, 5.510" 
ions per om’, the characteristic time of equipartition is 16 asec, 
being predominantly determined by energy exchange through 


order of magnitude 


electron-ion collisions. 


* Supported by the A. F. Cambridge Research Center 

'L. Landau, Physik. Z. Sowjetunion 10, 154 (1946 

*L. Spitzer, Ir., Physics of Fully lonised Gases ([nterscience Publishers, 
inc., New York, 1956 


E7. Non-Maxwellian Electron Energy Distributions in 
Plasmas, Determined by a New Graphical Method. (. 
Mepict Ss, t{dvanced Development Branch As described previ 
ously,' the electron energy distribution in plasmas for approxi- 
mately isotropic electron velocities is quickly obtained graph- 
ically from probe curves. Precise evaluations of probe curves 
from hollow hot cathode diodes with 1 mm Ne showed a fast 
electron group entering the plasma through a cathode fall of 
16 to 17 v, gaining small additional energy in the plasma fields 
and ionizing cumulatively through the 16.6-v metastable Ne 
level. The secondaries constitute a slow group which is Max- 
wellian at least up to about 4 times the mean thermal energy, 
Ey, with temperatures from about 2000°K at the lowest 
(10 ma), up to 30000°K and more at high («0.5 amp) 
diode currents. Once the originally fast electrons are slowed 
down to 4-5 Er, they are integrated into the Maxwellian 
part of the distribution The higher the diode currents, the 
more the total distribution approaches a Maxwellian, ioniza- 
tion by the fast Maxwellians predominating over that by the 
cathode fall electrons, The study of the energy exchange be- 
tween the two groups, facilitated by the new graphical 
method, will furnish fundamental information on the genera- 
tion of the Maxwellian distribution of plasma 


electrons. 


common 


1G. Medicus, J. Appl. Phys. 27, 1242 (1956), 

E8. Plasma Oscillations in a Magnetic Field. [ka Lb. Dern- 
stein, Project Matterhorn, Princeton University.—TVhe small 
oscillations of a completely ionized plasma in a constant ex- 
ternal magnetic field are treated by the Laplace transform 
method. The full set of Maxwell equations is employed. The 
ion dynamics are included and are shown to have a very small 
effect on the frequencies as long as the ion and electron tem 
peratures are equal. The limit of pure electron oscillations is 
considered. It is concluded, in contradiction with the results 
of Gross,’ that there is no damping of waves propagating 
perpendicular to the external magnetic field, and, in contra- 
diction with the conclusion of Gordeyev,? that there can be 
no self-excitation of oscillations about thermal equilibrium. 

1B, P, Gross, Phys, Rev, 82, 232 (1951) 

84. V. Gordeyev, J. Eexptl. Theoret. Phys 


(U.S.S.K.) 6, 660 (1952), 
E9. Plasma Oscillations in dc Discharges.* I. 1. Gorpon, 
Massachusetts Institute of Technology.—A general result for 
the conductivity of a plasma when the rf field exists in a region 
not necessarily large compared to a mean free path is shown 
to be 
Inne (* 
a : | [ (ju +ve) '— (jo tue) *3v/4d jv*af/dvdo, 
> mo 
where n is the electron density, w the angular frequency, d the 
width of the region, »,(v) the collision frequency, and f(v) is 
the isotropic velocity distribution, In analogy with Margenau's 
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result, this leads to an effective collision frequency v(v) =».(v) 
+ 3u/4d, so that the damping of plasma oscillations is pressure 
dependent only when the mean free path is comparable to d 
(order of a mm). It is shown that under conditions satisfied 
only in the sheath-plasma boundary region, a monoenergetic 
beam of electrons may have a conductivity whose real part 
is negative. Consequently, the beam could supply sufficient 
energy to maintain the oscillations if the beam current density 
is greater than 4 minimum value proportional to w*. Results 
for double beam oscillations are also described and compared 
with experiment. 

* This work was supported in part by the Army (Signal Corps), the Air 


Force (Office of Scientific Kesearch, Air Kesearch and Development 
Command), and the Navy (Office of Naval Research). 


Fl. Electron Energy Distribution in the High-Frequency 
Multipacting Mechanism.* ALwert J. Harcut aNd H. BARTEL 
Wittiams, New Mexico College of Agriculture and Mechanic 
Arts.-A previously developed statistical theory! of electron 
multiplication in the high-frequency low pressure multipacting 
breakdown mechanism (secondary electron resonance) has 
been extended to the calculation of the energy distribution of 
electrons arriving at an electrode surface. Electron arrival 
energy distributions have been calculated for aluminum elec- 
trodes at a 3-cm separation and applied 70 mc/sec voltages of 
150 and 600 peak v. The 150-rf v distribution has a minor 
peak at 35 ev due to } cy transit time electrons and a major 
peak at 100 ev due to 4 cy electrons. The 600-rf v distribution 
has only a major peak at 470 ev due to 4 cy electrons. Experi- 
mentally determined electron arrival energy distributions have 
been obtained at 10-4 mm Hg pressure by an electrostatic filter 
analysis of electrons emerging from a small sampling aperture 
in a multipacting electrode, The observed energy distributions 
for parameters as above compare favorably with the theo- 
retical distribution. 

* Work supported by the Bureau of Ordnance, U.S. Navy. 


t Now at Argonne National Laboratory, Lemont, Illinois, 
'A. J. Hatch and H, B. Williams, Phys, Rev, 89, $49(A) (1953) 


F3. Effect of Magnetic Field on High-Frequency Electrode- 
less Discharge at Low Pressure. Iisa L. Huser, Howarp T. 
O7AKI, AND ALFRED KLeieRr, Hughes Research Laboratories. ~ 
The influence of magnetic fields ranging from zero to 100 
versteds on starting potentials of the high-frequency low- 
pressure electrodeless discharge has been examined, Data will 
be presented for two flat-ended cylindrical Pyrex discharge 
tubes of lengths 1.6 and 2.8 em containing air at 10 ®mm Hg. 
The tubes were placed in crossed de magnetic and rf electric 
fields at frequencies of 10 to 100 me/sec, For small magnetic 
fields, curves of starting voltage vs frequency have the same 
general shape as for zero field, but they are shifted toward 
higher voltages and the cut-oll frequency is lowered, Once the 
discharge is started, it can be extinguished again either by 
increasing the voltage or decreasing the magnetic field. Com- 
bined curves of starting and exctinction voltages define the 
boundaries of a breakdown region in either the voltage- 
frequency or the voltage-magnetic field plane. At higher mag- 
netic fields, starting voltages become sensibly independent of 
frequency, A qualitative interpretation will be given in terms 
of the secondary electron resonance phenomenon. 


F4. Breakdown of Air at Microwave Frequencies.* |Law- 
RENCE GOULD AND Louis W. Roperts,f Microwave Associates, 
/nc.-A theory for uniform field breakdown in air at micro- 
wave frequencies is developed and applied with success to 
predicting values of breakdown over a wide range of experi 
mental conditions. Three distinet types of breakdown are 
treated: C.W. (continuous wave) breakdown, single pulse 
breakdown, and multipulse breakdown. The conditions for 
breakdown are determined from a solution of the electron con- 
tinuity equation for an average electron in which electron 
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ionization, attachment, and diffusion are the dominant 
mechanisms. Modulation of the electron average energy at 
twice the frequency of the applied field becomes important 
at either high pressure or low frequency and modifies the 
values of the breakdown field. The breakdown field strengths 
are shown to be determined from a single curve for each type 
of breakdown power, either C.W. or pulsed. These theoretical 
curves are in accordance with the experimental results, thus 
verifying the assumptions and the values of the coefficients 
used in the theory. 


* This work was supported by the Bureau of Ships under Contract 


NOber-63295 


1 Now at Bomac Laboratories, Massachusetts 


Incorporated, Beverly, 


FS. Anode Streamers Observed in Steady Potential Break- 
down at Low Overvoltages for Gaps Ranging from Point-to- 
Plane to Uniform Fields in Air.* G. G. Hupson anp L. B 
Lorn, University of California.—The sequence of luminous 
events in the breakdown of various gap forms in room air at 
atmospheric pressure with steady potential as revealed by a 
photomultiplier placed at various points along the gap, the 
fast oscilloscope sweep being triggered by another photo- 
multiplier viewing the anode, was reported in preliminary 
fashion at the last Conference. Techniques have been improved 
and extended to include sparks between 31 cm diam spheres 
and planes with gaps ranging from 0.5 to 9 cm long, using a 
small air blast driven Van de Graaff generator to reduce elec 
trical noise. For overvoltages, less than 2% of all sparks were 
initiated by streamer sequences starting from the anode. Time, 
intensity, and position data permit pulse form and velocity 
for primary and secondary streamers to be measured by cross 
plots. Following arrival of the secondary in vicinity of the 
cathode, there results the brilliant main stroke whose direction 
of motion can, in some instances, be determined and appears 
to vary with gap geometry. That is, the main stroke appears 
not always to start from the cathode on arrival of the second- 
ary streamer, but may start from the anode or simultaneously 
from anode and cathode. More accurate information is beyond 
resolving power of the equipment. 

* This work was supported by the Office of Naval Research 

F6. Experimental Evidence for the Existence of Secondary 
Ionization in Oxygen at High Pressure.* 1). J]. Debirerro 
AND L. H. Fisuer, New York University lownsend’ 
ionization coefficient, y, has been previously measured at 
pressures as high as half an atmosphere in air, nitrogen, and 
hydrogen.’ lonization currents in strongly attaching gases 
have been shown to depend on an attachment coefficient, 9.4 
in an attaching gas, current-voltage 


Set ond 


Thus to determine ¥ 
measurements must be analyzed to yield three coefficient, y, n, 
and the first Townsend coefficient, a. The equation for current 
simplifies enormously when a=, allowing an unambiguous 
determination of y. This has been carried out for oxygen at an 
E/p of 35.4 (at which we find a=n) yielding a value of y of 
approximately 0.045 at a pressure of 300 mm Hg. This is more 
than an order of magnitude larger than the values of 7 previ- 
ously found in hydrogen and nitrogen for the same nickel 
cathode? 

* Supported by the Office of Naval Research. 

'F, Tieaiin Jones and A. B. Parker, Proc. Roy. Soc. (London) A213 
185 (1952); Dutton, Haydon, and Llewellyn Jones, Proc. Roy. Soc 
(London) A213, 203 (1952). 


2? Wilkes, Hopwood, and Peacock, Nature 176, 837 (1955); Crompton, 
Dutton, and Haydon, Proc, Phys. Soc. (London) B69, 2 (1956 
1 —. J. DeBitetto and L. H. Fisher, Phys. Rev, 100, 12 1955 


27 
4M. A. Harrison and R. Geballe, Phys. Rev. 91, 1 (1953). 


F7. The Breakdown Mechanism of the Long Laboratory 
Spark. E. Howarp Hort,* Associated Electrical Industries 
Ltd.—The work of Allibone and Meek! and of Norinder and 
Salka? on the mechanism of long-gap spark breakdown of air 
at atmospheric pressure using the laboratory impulse generator 
has been extended. A catadioptric camera of nominal aperture 
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f/1.85 and with the transparency of a quartz lens* enabled 
photographs of partially developed discharges to be taken 
containing significantly more detail than those obtained in 
previous work. The simultaneous recording of oscillograms 
showing the growth of current in the test gap enabled a close 
correlation to be made between the interpretations of the 
photographs and the oscillograms. A time resolution of the 
discharge development in the 3-ft, 6-in. rod gap was obtained 
by “chopping” the impulse generator output by a parallel 
sphere-gap after a predetermined time. In addition to electron 
avalanches and positive and negative streamers, whose roles 
have been previously established, “threads” of discharge 
associated with positive streamers were photographed and 
their role of aiding the growth of conduction current in the 
gap before the main stroke occurs was established by the inter- 
pretation of the current oscillograms 

* Now at the Electrical Engineering Research Laboratory, University of 
Illinois, Urbana, Ilinois 

. Allibone and J. M. Meek, Proc. Roy. Soc A166, 9) 

(1938); Proc, Roy, Soc, (London) A169, 246 (1938 

2H. Norinder and O. Salka, Arkin. Fysix 3, 347 (1952); Arkin. Fysik 5 
493 (1952 

73. Dyson 


London 


J. Sci. Instr. 32, 272 (1955). 


G1. Microwave Determinations of the Frequency of loniza- 
tion and the Coefficient of Free Diffusion in Hydrogen.* \. i’. 
Mapan, S. J. Bucuspaum, AND E. I, GorpoN, Massachusetts 
Institute of Technology..-Microwave breakdown experiments 
yield, apart from other parameters, the ratio v,/D_, in which 
vy, is the ionization frequency and D_ is the coefficient of free 
diffusion for electrons. This paper describes a method for a 
direct determination of », and D_, utilizing an additional 
experimental parameter tp, where p is the pressure and ¢ is 
the time for the buildup of electron density. In addition, the 
steady-state breakdown fields can also be predicted. The ex- 
periment has been performed, using two T\M/o,9-mode resonant 
cavities of different sizes. The results have been compared 
with the theory of Allis and Brown. By properly accounting 
for the space-charge effect and the nonuniformity of the elec- 
tric field, the agreement with the 


theory. 


results are in substantial 


* This work was supported in part by the Army (Signal Corps), the Air 
Force (Office of Scientific Research, Air Research and Development 
Command), and the Navy (Office of Naval Research 


Underlying Very-High-Output 
Fluorescent Lamps. Joun F. Waymoutu, Sylvania Electric 
Products Inc., AND FRANCIS Bitter, Massachusetts Institute 
of Technology. —Fluorescent lamps generate light by the con- 
version of ultraviolet radiation from a mercury-rare-gas dis- 
charge into visible light by a phosphor on the walls of the tube 
With present-day phosphors, the factor limiting the maximuin 


G2. Physical Principles 


light output obtainable is the amount of ultraviolet radiation 
per unit length which can be produced by the discharge. Two 
First, the 


efficiency of production of uv decreases for mercury vapor 


factors limit the amount of ultraviolet radiation 


pressures above 6 to 19 y4, and hence, the condensed mercury 
temperature must be kept low (40°C). In the past, this has 
meant that total lamp power input was limited to about 10 to 
15 w per foot, to keep the bulb-wall temperature at 40°C 

Second, even at constant mercury vapor pressure, the ultra 
violet radiation approaches a saturation value (which is de- 
termined by the electron temperature) as the power input is 
increased. In order to produce high output, therefore, it is 
necessary to have the electron temperature as high as possible 
The factors influencing the electron temperature are discussed 
and a practical way of increasing it is described, A simple 


means of providing the correct mercury vapor pressure 1s 


described. 


* This work was done at the Sylvania Electric Products Inc. Laboratories 
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G3. Microwave Conductivity Measurements in Neon Con- 
taminated with Argon.* Atpo L. GiLarvini,t Massachusetts 
Institute of Technology. -The method used by Gould and 
Brown! for determining the electron collision probability for 
momentum transfer in helium by measuring the microwave 
conductivity of a decaying plasma as a function of the electron 
energy, controlled by a microwave heating field, has been used 
for determining the same parameter in neon, In this case, due 
to the smaller value of the electron collision probability and 
the larger atomic mass of neon as compared to helium, 
energy gradients produced by the heating field nonuniformities 
are very important in determining an energy redistribution 
inside the plasma. The conditions required for having a pres 
sure independent ratio of the real to the imaginary part of the 
complex conductivity and for reaching steady-state electron 
energy conditions are theoretically investigated. From the 
measured microwave conductivity in neon contaminated with 
argon, the electron collision probability in neon has been 
computed as a function of the electron energy ; the curve joins 
Ramsauer and Kollath's? measurements for higher electron 
energies 
Signal Corps), the Air 
Development 


* This work was supported in part by the Army 
Force (Office of Scientific Research, Air Research and 
Command), and the Navy (Office of Naval Research) 

t National Science Foundation Foreign Fellow, on leave from Inetitute 
Superiore PP, TT., Rome, Italy 

'L. Gould and 5, C. Brown, Phys. Rev. 95, 897 (1954 

7C. Ramsauer and KR. Kollath, Ann, Physik 12, 529 (1942 


G5. Spectral Line Width and Dissociative Recombination 
in a Helium Afterglow. W. A. RoGrers ano M. A. Bronpt, 
Westinghouse Research Laboratories. The width of the 5876 
line of atomic helium has been studied as a function of pressure 
in the early afterglow of a pulsed microwave discharge. If the 
afterglow radiation is the result of dissociative recombination 
of diatomic helium ions with electrons, it was predicted! that 
the afterglow line width must exceed that of the active dis- 
charge because of the kinetic energy imparted to the excited 
atom in the act of dissociation. Although this prediction was 
corroborated, the pressure dependence of the afterglow width 
did not appear to fit the dissociative recombination hypothesis 
Phe apparent continued increase in afterglow line width at 
higher pressures was shown to be the result of the appearance 
of helium molecular bands which distorted the interferometer 
pattern. At low pressures, the line width decreased with no 
change of intensity. This behavior could not be attributed to 
recombination of atomic ions, nor to production of the 34D 
state by cascading from higher atomic states. [tis probably 
due to excitation of metastable atoms during the afterglow by 
electrons of 3 ev or more kinetic energy. From the maximum 
observed line width, the energy of mutual repulsion of the two 
atoms dissociating is found to be greater than 0.08 ey 


1W. A. Rogers and M, A, Biondi, Phys, Rey, 99, 168774) (1955 

G6, The Free Electrons in Active Nitrogen.” \WW.L. Kunker, 
Unwersity of California, Berkeley, California. lt has been 
proposed that the free electrons usually found in active ni 
trogen are generated by ionization of nitric oxide molecules! 
either in binary collisions with metastable nitrogen molecules 
or in triple collisions with two nitrogen atoms. This interpreta 
tion has been verified by measurement of the electron density 
in a stream of active nitrogen at various pressures when known 
amounts of nitric oxide are injected. [It has been demonstrated 
that at high electron densities, the charge removal proceeds 
by recombination, while at low densities, diffusion prevails 
The estimated rate constants for the ionizing reactions seem 
reasonable (of the order of 10° cm* sec”! for the three-body 
collisions) provided the nitric oxide molecules are not simul 
taneously removed by rapid non-ionizing reactions with the 
active nitrogen. So far, attempts to detect the nitric oxide ions 
directly in a mass spectrograph have been unsuccessful. [njec 
tion of minute traces of benzene vapor removed practically all 
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electrons but enhanced and prolonged the afterglow. Hence it 
is concluded that the visible emission is not induced by the 
free electrons. 


* Work supported by Wright Air Development Center. 
iW. B. Kunkel and A, L. Gardner, Phys. Rev, 98, 558 (1955). 


G7. Short Duration Afterglow of Nitrogen.* R. B. Bryan, 
R. B. Hort, and O, OLDENBERG, Harvard University.—In the 
afterglow of a low-pressure discharge through nitrogen the 
spectrum and the intensity of the light emitted were observed 
with a “shutter speed” of 100 wsec through a period of 1500 


usec. The data were correlated with the decay of the electron- 
ton concentration. The spectrum is essentially identical with 
that of Kaplan's “auroral afterglow.” It contains most of the 
prominent band systems, including N»* bands. The Herman 
bands between 7000 and 8000 A appear with considerable in- 
tensity. The spectra are excited only to a minor extent by 
electron-ion recombination, but largely by the recombination 
of two active particles, some of them metastable. In oxygen 
under the same conditions very little light is emitted. 


* Supported by the Geophysics Directorate of the A. F. Cambridge 


Research Center and the Office of Naval Research. 





MINUTES OF THE FALL MEETING OF THE NEW ENGLAND SecTION HeLp At THE UNIVERSITY 


OF CONNECTICUT, STORRS, CONNECTICUT, ON NOVEMBER 3, 


HE New England Section of the American 

Physical Society held its annual rall Meeting 
on Saturday November 3, at the University of 
Connecticut, Storrs, Connecticut. Four invited 
papers were heard at the morning session: 


Measurement of Large-Angle Ion-Atom Scattering at 
Energies up to 100 kev. EnGar Evernart, University of 
Connecticut, 

Theory of Ion-Ion Scattering. ARNOLD RussEK, University 
of Connecticut. 

Heat Transfer in Helium II. C. A. ReyNoips, University of 
Connecticut. 

Institutes for the Improvement of Secondary School Teach- 
ing, Sponsored by the National Science Foundation. M. J. 
WALKER, University of Connecticut. 


Following a luncheon, the facilities of the Uni- 
versity of Connecticut, Department of Physics were 
open for inspection. 


1956 


At the afternoon business session the following 
Council Members were elected to serve until the 
next Fall Meeting: 


J. K. Knipp (Tufts) 

Vice Chairman: R. P. Winch (Williams) 
Secretary-Treasurer: RK. F. Kingsbury (Trinity) 
Executive Committee: N. C. Little (Bowdoin) 

P. E. LeCorbeiller (Harvard) 


Chairman: 


Following the business session, the retiring Chair- 
man of the section, H. P. Knauss (University of 
Connecticut), presented an address, ‘‘Electron Bom- 
bardment of Bacterial Spores.’’ After this address 


six contributed papers were presented. 


RosBert F. KinGcsBury, Secretary-Treasurer 
New England Section 


Contributed Papers 


1. A V.H.F. Super-Regenerative Spectrometer.* P. A. 
CASABELLAT AND P. J. Bray, Brown University.—A very-high- 
frequency super-regenerative spectrometer has been con- 
structed using a butterfly condenser rather than the tuned 
transmission lines which have been employed for this type of 
circuit in the past. The butterfly condenser is a complete 
tuned circuit, containing both inductance and capacitance, 
and has a much wider frequency range than other types of 
circuits. The spectrometer described in this paper covers the 
frequency range from slightly below 100 Mcps to above 400 
Meps. There is no electrical contact between the rotor of the 
condenser and the rest of the circuit. Thus the problem of the 
noise from sliding contacts which is often troublesome in tuned 
line spectrometers is eliminated. Several resonances have been 
observed with this spectrometer and the results are found to 
compare favorably with those observed on tuned line spec- 
trometers. A second super-regenerative spectrometer employ- 
ing a higher frequency butterfly condenser has reached fre- 
quencies above 700 Mcps. 

* This work was supported by a Frederick Gardner Cottrell Grant from 
the Research Corporation. 

t This work, carried out at Brown University, forms part of a thesis 


submitted to Renaselear Polytechnic Institute in partial fulfillment of the 
requirements for the Master of Science Degree. 


2. Pure Quadrupole Resonances in Chloroparaffins.* S. 
Moskowitz AND, P. J. Bray, Brown University.—Using a 
self-quenching super-regenerative spectrometer, pure quadru- 


pole resonance frequencies have been measured for Cl** in 
various solid chloroparaffins. Since these transition frequencies 
are proportional to eqQc\", the coupling constant for the Cl* 
atom where q is the principal component of the electric field 
gradient tensor and eQc\* is the electric quadrupole moment 
of the nucleus, it is possible to determine the variation of g 
from molecule:to molecule. Allowing for the influence upon q 
of the crystal structure, it is possible to examine the nature of 
the carbon-chlorine bonds in the various molecules. Original 
investigations of the chloromethanes and chloroethanes initi- 
ated by R. Livingston! have been extended to chloropropanes, 
chlorobutanes, and chloroheptane 
the degree of p-s orbital hybridization of the covalent chlorine- 


Questions pertaining to 
carbon bond and the amount of ionic character of the bond 
are, in part, answered on the basis of the experimental results. 


* This work was supported by a grant from the National Science 


Foundation 
1R. Livingston, J 


Phys. Chem. 57, 496 (1953 

3. Comparison of Factors Affecting Quantification of Soft 
Roentgen Rays. I’aut J. Rosenspaum, Yale University School 
of Medicine.—Quantification of relatively long wavelength 
x-rays has always been difficult and of increasing importance 
of late. Studies were made of the variations in recorded x-ray 
outputs resulting from different thimble chamber materials, 
different condenser roentgen meters of the same type, and 
increasing filtration of extremely soft x-rays. Comparisons 
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were also made using a well-filtered relatively energetic soft 
x-ray beam. Some theoretical explanations for discrepancies 
are noted. 


4. Atomic Heats of Normal and Superconducting Thallium.* 
J. L. Snrperf Anno J. Nico., Amherst College The atomic 
heats of thallium have been measured in the liquid helium 
temperature range. In the normal state the atomic heat varies 
with temperature according to the form, 


C, =yT +464.4(7/0)' cal/mole-deg, 


56.6 In the 
O.87., the 


in which y =6.1110~* cal/mole-deg? and @ 
super conducting below 
electronic specific heat obeys the relationship, 


state, at temperatures 


Cy =7T.A exp(—aT./T) cal/mole-deg, 


in which A =5,8 and a=1.3. These results lend support to the 
suggestion made in consequence of recent measurements olf 
the atomic heats of vanadium,' tin,? and aluminum® that the 
electronic specific heat in the superconducting phase may in 
general be an exponential function of the temperature. It is 
pointed out that over a restricted temperature range the super- 
conducting electronic heat of indium‘ may also be represented 
by a similar expression in which A =9.6 and a=1.6, The 
measurements on thallium do not confirm the suggestion that 
there exists a law of corresponding states among super- 
conductors.” 


* Work performed as part of low-temperature physics program supported 





by the Research Corporation and the National Science Foundation 

t Now at Princeton Universit 

1 Corak, Guodman, Satterthwaite, and Wexler, Phys. Rev. 102, 656 
1956 


102, 662 (1956) 
lem pératures (aris 


7W.S. Corak and C. B. Satterthwaite, Phys, Rev 

1B. B,. Goodman, Conférence de Physique des Basses 
1955), p. 506 

¢J. R. Clement and E. H. Quinnell, Phys. Rev, 92, 258 (1953). 


5. Counter Investigation of the Second Maximum in the 
Cosmic-Ray Rossi Curve. S. P. SHen,* Clark University.—The 
controversial second maximum in the Rossi curve was investi- 
gated using three Geiger-Muller counter tubes arranged in 


PHYSICAL 


SOCIETY 89 


triple coincidence. One tube was placed 4 cm below the lead 
absorber and the other two side-by-side 43 cm directly below 
the first and 19 cm above the floor (wood), all tube axes being 
mutually parallel. The measurements, obtained at 54°N geo- 
magnetic latitude (elevation 170 m) root of ~8 
g-cm *, showed some fluctuations, but no convincing evidence 
of a second maximum. However, a slight accidental shift in 
counter geometry was accompanied by an unexpected over-all 
change in coincidence rates; both this change and the general 


elusiveness of the second maximum, it is suggested, might be 
partially ascribed to the complex statistical uncertainty con 
cerning the percentage of showers (of various densities and 
angular spre ids) ac tually recorded by a counter 
finite dimensions. It is further suggested that the problem of 


system ol 


the second maximum may be one of detection rather than of 
existence, and that the failure to detect it by numerous workers 
was probably caused by ever so slightly unfavorable geometry 


* Now at the State University of New York, College for Teachers at 


Albany 


6. Diffraction Pattern Caused by Secondary Mirrors and 
Their Supports in Reflecting Telescopes. Josurn KANTOoRSKI* 
AND EDGAR EVERHART, L/niversity of Connecticut The pres 
ence of a secondary mirror and its supports in a reflecting 
telescope causes considerable change in the diffraction pattern, 
which is the image of a star. Photographs have been made 
showing in detail the modification in the pattern caused by 
central obstructions of various diameters and by supporting 
members of several widths. For example, a clear aperture 
causes 84°) of the light energy to appear in the central disk 
with 16°) in the rings, whereas a central obstruction whose 
diameter is } the aperture causes only 74% of the light to be 
in the central disk and 27% in the rings. This effect is investi 
gated theoretically for a wide range in proportion and is con 
firmed photographically. The diffraction spikes caused by 
supporting members of various number and orientation are 
illustrated. Recommendations are made concerning the designs 
which minimize undesired dillraction effects, 


* Now with the American Optical Company, 








Regulations Pertaining to the “Student Concession” 


HE ‘‘student concession” is the alleviation of 

the financial burden of Membership in the 
American Physical Society, granted to newly elected 
Members who are students in recognized institu- 
tions of learning. It was instituted in 1952, and 
our Council has now (April 27, 1956) made im- 
portant changes in the rules that define it and in 
the stipulations that define eligibility to it. Hence- 
forth it shall consist (a) in a reduction of the dues 
from fifteen dollars to ten dollars, and (b) in the 
privilege of obtaining one journal, among those 
made available to all members on ‘‘membership 
subscription,”” without extra payment over and 
above the dues. It will be granted for one year only, 
and this must be the first year of Membership. 

To be eligible for the ‘student concession,” a 
candidate must (1) be a full-time student in a 
recognized institution of learning, and (2) present 
a certification by one of his sponsors that he is in 
fact such a student. On the nomination forms which 
have been printed during the last couple of years 
there is a certification (on the reverse side) which 
the sponsor must sign: it is however to be borne 
in mind that the words ‘“‘bona fide student regularly 
enrolled” are now to be interpreted as meaning 
“full-time student,’”’ and that the special privilege 
is now limited to one year. Unfortunately there are 


many nomination forms of more ancient vintage 
still floating around. If one of these is used, the 
certification must be made in a covering letter 
signed by one of the sponsors, and this covering 
letter must be mailed in the same envelope as the 
nomination form. 

These rules and stipulations will apply to candi- 
dates elected to Membership in November 1956 
and thenceforward. Nomination forms for a number 
of candidates have been reccived at the office of 
the Society for action at the Annual Meeting: if 
the sponsors of such a candidate wish to propose 
him for the ‘‘student concession” but have reason 
to think that stipulation (2) has not been fulfilled, 
or if they did certify him but he is ineligible under 
the strict formulation of stipulation (1), they should 
at once recall his nomination form from this office 
and take heed of these stipulations before sending 
it back. Candidates who were elected to Member- 
ship at any time in the first six months of 1956 and 
who were granted the “student 
1956 have a right to retain it for 1957: 
case it consists simply of the privilege of receiving 
one journal on membership subscription without 
extra payment over and above dues, and the dues 
themselves stand at the normal figure of fifteen 
dollars. 


“é 


. ” 
concession for 


in such 
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